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Preface 


This book represents an endeavor to set forth in simple and readable form 
the phases of human embr^olog^ which arc of especial interest to medical 
students and ph>sicians The heaviness of the scholastic demands on our 
medical students makes it imperative that a book for their use be held within 
reasonable compass It has, therefore, seemed expedient to omit much of the 
comparative and theoretical material that has traditionall) been included in 
embryological texts, espcciall> as such aspects of the subject arc being increas- 
ingly well covered by most students in their prcmcdical training 

Special thought has been devoted to developing those aspects of embry- 
ology which are of importance as a background m other medical subjects 
The very early stages in the formation of the embryo, the mechanism of its 
implantation in the uterus, and the correlated changes in the reproductive 
organs of the mother, which arc so important m connection with gymccology 
and obstetrics, have received special attention Other things which have 
been emphasized are the more advanced stages m the formation of the organ 
systems which are so helpful m understanding the plan of the body <as it is 
seen in gross anatomy, and the histogenesis of some of the major organs, a 
knowledge of which aids so greatly m dealing with ihcir architecture as it is 
encountered m microscopical anatomy Because of their clinical importance, 
an especially careful endeavor has been made to cover adequately the more 
frequently occurring developmental anomalies 

Throughout the text ev cry effort has been made to present dev clopmcntal 
processes, not as a senes of still pictures of selected stages but as a story of 
dynamic events, with the emphasis on their sequence and significance 
Since undiluted descriptive matter is assimilated with difficulty and pre- 
cariously retained, sections interpreting the functional significance of the 
relations involved have been interspersed freely with the descriptions of 
developmental morphology This lengthens the text somewhat but it should, 
nevertheless, lighten the work of the student by helping him to use a chain of 
correlations to hold together his newly acquired information rather than 
relying on mere memory The functional correlations have been especially^ 
emphasized in dealing with the nervous and circulatory systems These two 
systems, one as co-ordmator and the other as purveyor, are so intimately 
interrelated with all the other systems in the body that their structural 
plan has little meaning unless it is interpreted from the functional standpoint 

VII 
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Introduction 

DEVELOPMENT OF EMBRYOLOGY AS A SQENCE 

_Ho\\ dev clop before v\c are born has alwavs been a matter of intriguing 
interest “Where did 1 come from^ ^ is one of a child's first thoughtful ques- 
tionrPAmong primitive peoples —peoples in their cultural childhood — this 
samcinterest was urgent and intcnsc\ It is diHicolt for us, uith our accumu- 
lated heritage of biological knowlcdgcrfb realize how completely mysterious a 
thing birth must have been to thenjit is not strange tliat they invested the 
beginning of a new life with many strange superstitions and a tangle of folk- 
'orcj and hedged it about with taboos But always, behind the mysticism ,] 
there was at work that characteristic primate instinct of cui^^ty^thc driv- 
ing urge to find out how things happen, and why From the earliest of written 
records we know that even then man had learned that birth came as a sequel 
to sexual union Rooted m this knowledge there grew up powerful religions 
centering about the processes of reproduction, and bitter wars were fought 
between tribes who worshiped the male personification of sev and those who 
worshiped the female For offspring meant the life of the tribe, and the deities 
who presided over procreation and birth must be powerful gods who would 
tolerate no pretenders 

There were many centuries when groping curiosity turned only toward 
speculation and mysticism Aristotle’s work on embryos is novv of significance 
not because of the information he secured, surprisingly accurate as some of 
it was His work is for us rather a symbol of the beginning of the turning of 
man’s mind away from superstition and conjecture, toward observation 
Unfortunately, such an approach did not take firm root Through much of 
the Middle Ages the spark that the better of the Greek and Roman scholars 
had been attempting to fan was smothered by bigotry and authontananism 
The comparatively few illustrations which were not copies from classical works 
were crudely symbolic, like the fifteenth-century drawings purporting to show 
the possible positions of the fetus m the uterus herein reproduced as. Fjf' 1 A 

JBuidie^jnanner of approachjvyas not the only reason for the lag in'the 
growth of our knowledge of em^ology J)The early phases of development 
involve exceedingly minute structures, and curiosity and the willingness to 
karn by obsei-vation were not enough Galen, it is true, had learned much 
about the structure of relatively advanced fetuses, and after the long stagnant 
period of the so-called "‘Dark Ages” Fabnems of Aquapendente (1533-1619) 




I 


Introduction 

DEVELOPMENT OF EMBRYOLOGY AS A SCIENCE 

_Ho^v.^ve dev^p before \\c arc born has alwa)_s b een a matter of mtngumg 
mt^st “\Vhcrc did I come from’” is one of a child’s first tlioughtful ques- 
tions'^Afhong primitive peoples— peoples in their cultural childhood — this 
samHnterest v\as urgent and mtensc^t is difhcuU for us, with our accumu- 
lated heritage of biological know ledge, To reah7C how completely m) sterious a 
thing birth must have been to thci^It is not strange that they invested the 
beginning of a new life with man> strange superstitions and a tangle of folk- 
•• lore, and hedged it about with taboos But alwa>s, behind the m>sticism ,j 
there was at work that characteristic primate instinct of cunositj — the driv- 
ing urge to find out how things happen, and w h> From the earliest of written 
records we know that even then man had learned that birth came as a sequel 
to sexual union Rooted in this knowledge there grew up powerful religions 
centering about the processes of reproduction, and bitter wars were fought 
between tribes who worshiped the male personification of sc\ and those who 
worshiped the female For offspring meant the life of the tribe, and the deities 
who presided over procreation and birth must be powerful gods who would 
tolerate no pretenders 

There were man> centuries when groping curiosit> turned only toward 
speculation and mysticism Aristotle’s work on embryos is now of significance 
not because of the information he secured, surprisingly accurate as some of 
It was His work is for us rather a symbol of the beginning of the turning of 
man’s mind away from superstition and conjecture, toward observation 
Unfortunately, such an approach did not take firm root Through much of 
the Middle Ages the spark that the better of the Greek and Roman scholars 
had been attempting to fan was smothered by bigotry and authoritarianism 
The comparativ ely few illustrations which were not copies from classical w orks 
were crudely symibolic, like the fifteenth-century drawings purporting to show 
the possible positions of the fetus in the uterus herein reproduced as Fig 1 A 

^ut_ the^n:ianncr_of_approach,was not the only reason for the lag in 'the 
growth of our ^ovOedge_^in^lo^Jrhe early phases of development 
involve exceedingly minute structures, and curiosity and the willingness to 
learn by observation were not enough Galen, it is true, had learned much 
about the structure of relatively advanced fetuses, and after the long stagnant 
period of the so-called “Dark Ages” Fabncius of Aquapendente (1533-1619) 



2 
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produced a significant treatise, “Dc Formatu Foctu,” which has recently 
been made available by Professor Adelmann m a beautiful facsimile copy, 
bound with a careful English translation and a most intcresling account of 
the life and times of Fabricius But it was not until toward the close of the 



Fig 1 A, Fifteenth century illustration purporting to show fetal positions 
Within uterus (From a manuscript in the Bodleian Library, after SudhofT) 
As in many old anatomical drawings, the illustration is embellished ^vlth more 
or less symbolic extraneous material, in this case the woman m labor being 
attended by a midwife Note that there is little accuracy or realism m the repre- 
sentation of either uterus or fetus Contrast this ^vlth the beautiful dra%Mng by 
Rymsdyk m William Hunter’s classic treatise on the gravid uterus (sec Fig 2) 
B, Reproduction of Hartsoeker’s drawing of a spermatozoon showing a 
preformed individual (Homunculus) m the head (From "Essay de Dioptrique," 
Paris, 1694 ) 


seventeenth century when the microscope began to be developed into an 
efficient instrument that the early stages of embryology could be effectively 
studied 

The human sperm was first seen by Hamm and Leeuwenhoek in 1677, 
shordy after ovarian follicles were described by de Graaf (1672) Even then 
the significance of the gametes in development was not understood Two 
camps grew up, one contending that the sperm contained the new individual 
m immature (Fig 1, B) which was merely nourished m the ovum, the other 
arguing that the ovum contained a minute body which was m some way 
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stimulated to by the semina] fluid The war between the homunculists 

and the ovists was almost as bitter, though not so bloody, as the ancient wars 
of the male and female cults of sex worshipers Their ardor for their cause was 
not dampened even by the absurdity of the inevitable implication of the en- 
casement concept — the implication that each miniature must in turn wdosc 
the miniature of the next generation and so on for as many generations as 
the race was to survive 

This bootless controversy continued into the next century, finally to be 
laid to rest by the studies of Spallanzani (1729-1799) and Wolff (1733-1794) 
The work of Spallanzani is of special interest to us in that it was an initial 
step in bringing the experimental method to bear on embryological problems 
By an ingeniously planned senes of experiments, he demonstrated that both 
the female and the male sex products were necessary for the initiation of 
development 

^Vorklng contemporaneously with Spallanzani, Kaspar Friedrich \Volfr, 
m a brilliant thesis written when he was but twenty -six years of age, set forth 
his conception of epigenesis This idea of development by progressive growth 
and differentiation rapidly replaced the old encasement theories Although 
this was an important step forw ard, it rested too largely on theoretical grounds 
to give a lasting impetus to the subject There followed nearly a century with 
but little advance m our knowledge of the early stages of development, al- 
though accurate observation and recording was becoming less and less un- 
common Eloquent testimony of this trend is oficred by the beautiful drawings 
m William Hunter’s treatise on the gravud uterus (Fig 2) 

Von Baer’s important work (1829) gave us the foundations of our knowl- 
edge of tht germ layers in embryos But the real significance of these layers, 
and of the sex elements from which they arose, could not be grasped until the 
cellular basis of animal structure became known With the formulation of the 
cell theory by Schleiden and Schwann (1839), the foundations of modern 


embryology and histology were simultaneously laid The know ledge that the 
adult body was composed entirely of cells and cell products paved the way 
for a realization of the basic fact of embryology, that the body of the new 
individual is developed from a single cell, the cell formed by the union m 
fertilization of a germ cell contributed by the male parent with a germ cell 
contributed by the female parent Thus, although curiosity had been at work 
since before the times of written history, and with Aristotle critical obstrv ation 


had begun to replace conjecture, it was not until the development of the 
microscope, the advent of the experimental method, and the discovery of the 
cellular structure of the body that embryology began to become a science 
Naturally, the early \vorkers m the field dealt almost entirely with animal 
material other than human, and only as the way was thus prepared could 

human embryology advance The first great work which stands as the founda- 
tion of our modern knowledge of human development was “The Anatomy 
of Human Embryos,” by Wilhelm His, published in 1880 This ushered in a 
period of intensive study of the minute structure of the embryonic body at 



INTRODUCTION 


various stages of development wluch vvasgiwn fresh impetus by the perfecting 
of the new technics of rmkmg serial sections (IIis) and the wnx-platc method 
of making accurate scale rcronstiuctions from such sections (His and Born) 



Fio 2 Term fetus m utero (rrom Wdliam Hunter "The Anatomy 
of the Human Gravid Uterus,” 1774 ) 


Pre-eminent during this period were such workers m Europe as Keibel, 
Hochstetter, and KoUmann, and Minot and Mall in America 

During the latter part of the nineteenth century and the first pare of the 
twentieth, the framework of our knowledge of embryonic structure was well 
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built Many details still remain to be filled in as our technical methods im- 
prove, but the major morphological changes u hich occur during dc\ clopment 
are now reasonably well known Building on this foundation, present workers 
in the field are directing their cflbrts largcl> toward the experimental anal) sis 
of the underl>ing factors which initiate and regulate dc\ clopment Dramatic 
as have been some of the recent advances in the early localization of develop- 
mental potentialities, in the attempts to isolate organizing substances, and m 
the field of hormonal control of the reproductive c)clc, we still stand onl) on 
the threshold of this newer phase of cmbrvolog)' 


EMBRYOLOGY AS A SUBJECT IN THE 
MEDICAL CURRICULUM 


The youth of embryology as compared with such subjects as gross anatomy 
has made it comparatively a nevveomer among the basic sciences of the 
medical curriculum Now, when centuries of stud) have giv'en us anever more 
complete master) of gross morphology, inltrcst is turning increasingly toward 
the study of the more subtle underlying growth mechanisms b) which this 
adult structure is established The medical student rnrcly fails to appreciate 
the essential necessity of a thorough knowledge of gross anatomv, but in the 
harrassed transitional period of his first year jn medical school a student may 
not take time to think out just why he is required to study embryology This 
IS not surprising, for the applications of embryology are, for the most part, 
less direct than arc those of gross anatomy Its service lies rather m the rational 
interpretation of other subjects that u alone makes possible 

Not until he becomes enmeshed m a maze of anatomical details docs the 
student begin to realize his need of some knowledge of how adult conditions 
became as they arc, to lead him beyond anatomical memorizing to a compre- 
hension of anatomy Having no familiarity with the structural and functional 


abnormalities encountered in clinical practice, he can scarcely be expected to 
realize how many of these conditions can be interpreted only from a knowl- 


edge of embryological phenomena Knowing pathology, neurology, and ob- 
stetrics only by name or by a catalog prospectus, he can not be expected to 
see in advance how much his embryological background will help him m thei>e 
subjects Familiar with only the most superficial manifestations of the manner 
in which injuries to the various tissues of the body are repaired, he does not 
sense intuitively that the mechanism of tissue repair is essentially the mecha- 
nism by which that particular tissue was originally formed in the embryo 
It IS, therefore, only fair to the student confronted by a heavy curriculum to 
point out to him that embryology is more than just an interesting field of 
knowledge— that in reality it is a subject which will be of constantly increasing 
value to him as he goes on with his teaming and practice 

In planning a text-book of embryology for medical students one of the 
troublesome problems presenting itself involves the question of the prelim 
inary training the student may be expected to possess It is of the mmost 
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importance that new work should start on firm ground On the other fiand, 
nothing but boredom and wasted effort result from undue repetition In 
view of the present prerequisites for admission to medical school, it seems 
reasonable to assume that one taking up the study of human embryology will 
not be without a considerable background of biological information, although 
the exact extent of this background necessarily will vary greatly among 
individual students For the great majority, certainly, it would seem unneces- 
sary to include any preliminary review of such essentials as protoplasmic 
activity, cell structure, cell division, the aggregation and specialization of 
cells to form the fundamental tissues, and the basic principles of evolution 
and heredity In the pressure of a crowded medical curriculum it is not 
feasible to repeat such work for the benefit of the minority who lack it Like- 
wise in writing this book, intended primarily for medical students, it has not 
seemed justifiable to increase its bulk by the inclusion of any considerable 
amount of material in the field of general embryology which for most students 
would be repetitious The few students, therefore, who start their study of 
human development without a broad biological foundation will find it desir- 
able, in connection with the early part of their course m embryology, to do 
collateral reading in some of the more elementary books which are readily 
available 


NECESSITY OF LABORATORY STUDY 

An adequate course in embryology necessarily must be based on the 
laboratory study of actual material No amount of didactic instruction, how- 
ever effectively it may be presented, can take the place of work done by the 
student himself In the laboratory, with cntical and encouraging guidance, 
students can be led to become active acquisitors instead of passive recipients 
of information 

The problem of laboratory material for a course designed to give medical 
students a knowledge of human embryology is not a simple one Human 
embryos in the vitally important stages during which the various organ sys- 
tems are being established can not be procured in sufficient numbers for class 
use Fortunately, during these early stages, the development of all the mam- 
mals is fundamentally the same The speafic characteristics of any form 
emerge but slowly, and relatively late. It is, therefore, quite possible by using 
young embryos of other species to give students the opportunity of studying 
at first hand the same processes which go on in the early development of the 
human body 

The stages of mammalian development which commonly receive most 
attention in the laboratory are those in which the body form is well defined 
and the various organ systems are just appearing For the beginner these 
stages constitute the most critical part of the subject If the student success- 
fully follows the emergence of the various organ systems from undifferentiated 
primordial tissues to a point where he can recognize the begmnmgs of familiar 
adult structures, his troubles are largely past The chief difficulty in embry- 
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olog>’ lies in getting a start among strange names and unfamiliar structural 
conditions It is in recognition of this fact that so large a proportion of the 
laboratory ork in most courses is spent on rclati\ cly y oung embry os Nothing 
but first-hand ivork on their unfamiliar topography tsill fi\ it m the student s 
mind and give him a clear understanding of the origin and interrelations of 
the organs there taking shape 

To facilitate the correlation of laboratory work on nonhuman embrvos 
vs'Uh a text presenting the story of human development, a number of illus- 
trations based on pig embryos have been included along with illustrations 
showing corresponding stages m human development It is hoped that this 
procedure will bring I'lvidly to the student iJie fact that he is not as greatly 
handicapped bv not having human material for studv as he might at first 
think The developmental processes involved arc what we arc striving to 
understand, and they arc mucli the same in all ihc higher vertebrates Our 
situation might be compared to that of a person trying to learn about auto- 
mobile engines He would not be seriously handicapped if there were one 
particular type of car he could not lav hands on to pull to pieces, provided he 
could do what he liked with half a dozen other makes all built on the same 
general plans 

The fact that a variety of different species of embryos may be used in the 
laboratory to illustrate embry ological processes must not be allowed to divert 
one’s attention from the major sequence of events For the specialist, detailed 
differences m the way the chick and the pig and the human embrvo form such 
structures as their mesonephric tubules may be of considerable interest But 
the beginning student must focus his attention on the process of mesonephric 
tubule formation without allowing himself to be unduly perturbed by detailed 
species differences If his efforts arc directed low ard grasping the logical thread 
of the story of dev elopment, and if each step in Us unfolding is mastered before 
the next step is attempted, the work should bt easy and interesting The 
growth of an imbryo involves a progressively constructive senes of events A 
know ledge of preceding stages and an appreciation of the trend of the dev elop- 
mental processes by w hich conditions m one stage are transmuted to different 
conditions in the next stage arc direct and necessary factors m acquiring a 
real comprehension of the subject Just as historical events are led up to by 
preparatory occurrences and arc followed by results which in turn affect 
later events, so events in development are presaged by preliminary changes 
and, when consummated, m iheu* turn affect later steps m the process 
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Reproductive Organs; Gametogenesis 

REPRODUCTIVE ORGANS 


Any logical account of prenatal development must start with a considcra 
tion of the phenomena which initiate that development It is necessary to 
know more than the mere structure of the conjugating sex cells Wc must 
know something of how they are produced and of the extraordinary provisions 



Fig 3 Internal rcproductn c organs of the female, spread out and vle^^ ed in 
ventral aspect (Modified from Raubcr-Kopsch Lehrb u Atlas der Anat des 
Ivlenschen ) Vagina, uterus, and right uterine tube have been opened to show 
their internal configuration 


which insure their union in such a place and at such a time that each is 
capable of discharging its function Of vital importance, also, are the changes 
m the body of the mother that provide for the nutrition of the embryo during 
Its intra-utenne existence, and for its feeding during the relaUvely long 
period after birth when it can not subsist on food such as that eaten by its 
parents Before it is possible to deal with any of these things intelligibly, it is 
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necessary to become familiar tilth the mam structural features of the repro- 
ductive organs . r , 

Female Reproductive Organs The reproductive organs in the female 
and their relations to other structures in the body are shown m Figs 3 and 4 
The paired gonads— the manes— are located in the pelvic portion of the 
abdominal cavity Each ovary lies m close provimity to a funncl-hke opening 
at the end of the corresponding uterine tube About this abdominal orifice 
of the tube, in the human female, arc characteristic fringclike processes of 
highlv vascular tissue which arc known as fmbnac When an ovum is liber- 
ated from the surface of the ovary, it enters the fimbriated end of the uterine 



tube and passes slowl) along the tube to the uterus There, if it has been 
fertilized, it becomes attached and nourished during prenatal dc\cIopment 
The human uferus is a pear-shaped organ which in the nonpregnant con- 
dition has thick walls, richly vascular and well supplied with smooth muscle 
The body of the uterus is continuous caudally with the neck or cer\ix a 
region characterized by an attenuated lumen, thick walls, and glands of a 
different ty’pe from those cccumng in the body of the uterus The cervix of 
the uterus projects into the upper part of the vagina which serves the double 
function of an organ of copulation and a birth canal 

Male Reproductive Organs The general arrangement and relationships 
of the male reproductive system are shown in Fig 5 The toto do not he in 
the abdominal cavity as is the case with the ovaries, but are suspended in a 
pouclilike sac called the scrotum The set cells produced m the testes must 
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pass ovcp an cvctcdingly long and elaborate senes of ducts before reaching 
the outside From the convoluted or samnifnous tubules where the spermatozoa 
(spermta)^ arc formed, they find their way through short straigiit ducts — the 
tubiih recti — into an irregular network of slender anastomosing ducts known as 
the rete testis From the rcte testis the spcrmia arc collected by the ducluh 
ejferen^es which in turn pass them on by way of the much coiled duct of the 
epididymis, into the ductus deferens At the distal end of the ductus deferens is a 
glandular dilation known as the seminal vesicle As the name implies, it has 
been believed that the seminal vesicles scr\cd as sort of reservoirs in svlucli the 
spermatozoa were stored pending their ejaculation Jlcccntly the conviction 
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mixture of secretions with spermatozoa suspended in it (scmen)= ts swept out 
along the urethra by rhythmic muscular contractions 


GAMETOGENESIS 


The manner m which the sc\ cells are produced in the gonads demands 
attention less cursory than that accorded the sc\ organs as a whole Tliere 
are moreover, many fundamental biological concepts in connection w ith the 
production of gametes which profitabK can be rc-emphasizcd m thetr relation 
to embryology 

Continuity of Germ Plasm The germ cells (sc\ cells or reproductive 
cells), which are the spermatozoa of the male and the on a of the female, are 
collcctiNcly known as gametes In the process of fertilization, a male and a 
female gamete unite to form a single cell, the zygote, from which a new 
individual develops Germ plasm is the term applied to that line of cells 
which, by successiNc divisions, guc nsc to the gametes The cells which take 
no direct part in the production of gametes and which cease to exist with the 
death of the individual arc called somatic cells Thus among the myriads of 
cells that make up the individual and the organs that maintain his v egetatn e 
existence (brain, liver, heart, kidneys, bone, etc ) there are a limited number 
of germ cells that function in the perpetuation of the race — an unbroken lint 
that has existed since the beginnings of life on earth The conjugating gametes 
alone pass on the entire hereditary dowry of the species, not only from the 
immediate parents but also from all their ancestors 

It IS readily apparent, therefore, that each person is a mosaic of his past 
Looking ahead instead of backward, it is equally apparent that the entire 
future of any species depends on the germ plasm held in trust within the 
bodies of the individuals now liv'ing For this reason the germ plasm is of 
paramount interest to all thinking persons WTiatever changes for good or ill 
the germ plasm undergoes will inevitably be written into the history of the 
race Fortunately, very early in thi life of an individual, the germ plasm is 
segregated in the gonads and not subject to most of the diseases from which 
the somatic cells suffer But the germ plasm, even though not directly affected, 
may nevertheless suffer indirectly through a poor environment forced on it 
by an unhealthy body 

Of greater importance still is the nature of the combination of germ plasm 
which occurs in each generation when the two gametes fuse m fertilization 
As surely as cither gamete brings into the new combination defective germ 
plasm, SQ surely will both the body and the germ plasm of the new individual 
suffer therefrom 

Heredity and Environment Volumes have been written as to whether 
heredity or environment has the greater mHuence on the indn idual The most 
bitter and most verbose phases of these controversies have centered on man s 


* In addition to being used as a conveiwem nu-aiu of giving synonvn 
^cd to introduce techmcal xcttos vfhu-hmay be unfamiliar In such cas« i 
here is placed in parentheses following a charactcnztng phrase 


parentheses have been 
term, as has been done 
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behavioral and intellectual life, where home and school environment plav 
such obviously important rOlcs Unfortunaiclj, in this field, judgments ha\c 
been based too little on sound biological obscrv.itions and too much on “wishful 
thinking ” It 13 so comforting to believe lliat if only we could find the right 
sociological and educational formulas, we could make what wt would out of 
any kind of hereditary material Such issues are beclouded by the fact that 
the laws of heredity arc intricate and still further by the genetically mixed 
character of human beings, for Homo sftptms is not always sapient with regard 
to his own breeding 

Since all of us arc “mosaics’* in mlicntancc, low-grade offspring may 
occasionally confront intellectual and successful families with the defects of a 
forgotten ancestor, and highly successful sons and dauglitcrs may appear in 
the homes of the ignorant and indigent as reminders of a brighter past Yet 
in spite of these conspicuous and mucli oscrcmphasized sporadic eases, bio- 
logical laws arc inexorable and, by and large, “like begets like ” 1 hat child 
must be considered most fortunate who has “selected lus ancestors” with the 
greatest number of good traits lo take after 

To recognize the fact that heredity is of outstanding importance docs not 
belittle the significance of environment Heredity provides the materials on 
which environment operates, but emironment determines how well these 
materials arc conscrv cd and utilized A crude analogy may be drawn from our 
everyday experience with instruments or machines WHiat is built into them 
in their manufacture corresponds to what we receive by heredity, the manner 
in which they arc subsequently used corresponds to environment No amount 
of intelligent use and careful mamtemnee can make a mechanism fabricated 
of poor materials into a long-enduring and highly efficient instrument of pre- 
cision However, abuse of a potentially fine mechanism may make it function 
far less satisfactorily than a similar mechanism made of poorer materials but 
used with intelligence and conscrv'cd with care Environment creates nothing 
Its importance lies m the way in which it determines how fully we realize, 
or how tragically we fall short of, our hereditary potentialities 

Such things as parental care and education arc regarded by the biologist 
as falling in the general category of external environmental factors There 
art, more subtle environmental factors within the body itself, surrounding and 
influencing the various essential organs In the development of the individual 
some of these internal environmental factors are of extraordinary importance 
For example, the lens of the eye is formed from the ectoderm of the head w here 
It IS stimulated by the optic cup as it grows out from the underlying brain If 
the young optic cup is transplanted so that it lies beneath the ectoderm of the 
back, this area of ectoderm wrhich normally has nothing to do with eye forma- 
tion will grow a lens If the optic cup is transplanted somewhat liter it will 
be found to have lost its power to induce It ns formation in its new location 
So it IS apparent that th( re is not only the interaction of one growing part on 
another, but also an important factor of timing If the specific effect is not 
exerted at the critical time it ceases to be effective 
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In so far as the internal cn\ ironmcnt of the various parts of the dc\ eloping 
body depends on the presence of the proper materials in the proper places at 
the proper times, it is largely detennmed by heredity But the internal environ- 
ment mav be damagmglv affected by cstcmal environmental factors such as 
malnutrition or disease A potentially ideal heredity and internal environ- 
ment both go for naught if the embryo’s mother contracts such a severe 
pneumonia that an abortion results 

The germ cells, which arc at once the bearers of hereditary traits and the 
raw material on which internal and external environment work, are carried 
m the gonads Each germ cell has its inheritance, which gives it the poten- 
tiality of developing almost exactly as its lineal ancestors did before it — almost 
exacil}, for in some yet unknown way some germ cells do change, as evidenced 
by the fact that species now and again show the sudden changes W'hich the 
geneticists call mutations Many attempts have been made to modifv the 
germ plasm experimentally and to produce by artificially induced mutations 
new individuals different in some particular from their ancestors Alcohol, 
lead, and other poisons have been tried on the supposition that they might 
damage the germ plasm and so cause production of inferior offspring Ironi- 
cally enough, m some eases, superior strains of rats or guinea pigs resulted 
from such experiments, but this outcome probably was attributable to raising 
the average by killing off the inferior individuals A similar effect has long 
been produced in domestic animals by selective breeding and the ruthless 
killing off of the less desirable stock 

It was only recently that real mutations were artificially induced by mas- 
sive doses of x-rays The mutants thus produced “breed true” — i c , the off- 
spring exhibit the pcculiariiics induced m their parents when the parents were 
still in the gamete stage Such eases mav be classed in a broad sense as “in- 
heritance of acquired characters,” and constitute the only ones that may 
be considered proved Heretofore no mutilative treatment of adult individuals 
even for many generations (as, for example, circumcision) has in the slightest 
affected the race genetically 

A curious piece of folklore may be mentioned here because physicians 
still encounter it among their uneducated patients, namely, the belief that a 
former mating may in some manner influence the offspring of a subsequent 
mating The fancied resemblance to a previous husband said to be exhibited 
by the offspring of a second husband was “explained” on this basis Needless 
to say, telegony, as this fantastic belief is called, lacks every vestige of scientific 
support 

Early History of Primordial Sex Cells In an adult the spermia in the 
testis and the eggs in the ovary are easv to recognize A study of these defini- 
tive gametes alone does not, however, give any clue as to their ongm m the 
development of the individual When did it first become possible to recognize 
the germ plasm as such’ Can the cellular ancestors of the sex cells be traced 
to very early stages or does the germ plasm, when we attempt to follow it back 
soon lose Its Identity, becoming mdistinguishable from somatic cells’ These 
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early phases of tiic Insiory of the gametes, at the present time, arc far from 
being thoroughly worked out 

For all vertebrates, including man, there hii\( Ixrcn dcscnl)cd in very 
young embryos certain laigc cells in the yolk-s4ic lint stand out in contnst 
with their neighbors This happens long Ijcforc it is possible to tell whether 
an embryo is to become male or female — indeed, l>cf()re any gonad is laid 
down These large cells have been identified by some investigators as pri- 
mordial sex cells and they believe that tlicy migrate from the volk-sac onto- 



Fio 6 SchemaUc section through mid body region of a young embryo lUus- 
traung manner in which the primordial germ cells are believed by some investi- 
gators to originate m yolk-sac entoderm and migrate thence to developing 
gonad 


derm to their final location in the gonad This interpretation is illustrated 

schematically in Fig 6 In various mammalian embryos, including the human 

such primordial sex cells have been described in the primitive gut, in the 
mesoderm surrounding it, and finally in the epithelium of the developing 
gonad The definitive germ cells, male or female, are believed by some inves- 
tigators to arise, by successive mitotic divisions, from these primordial germ 
cells There are other investigators, however, who deny that these large cells 
seen m the entoderm are really germ cells Still others grant that they may be 
germ cells of a primitive hne but contend that these particular cells die and 
are resorbed, and that the definitive germ cells come from new generauons 
of ceUs that arise later from the germmal epithelium of the gonad 'Whether 
or not they are direct descendants of these much discussed large cells of yoi^. 
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sac origin, primordial germ cells \ cry carl^ become unmistakably recognizable 
in the germinal epithelium of the embryonic gonad, and groups of them 
grow from the germinal epithelium into the deeper Iving tissues of the gonads 
(Fig 359) 

In the gonads of both sexes the earliest cells to grow m become organized 
into cords In the male they become the seminiferous tubules and eventually 
give rise to the sex cells In the female these primordial strands of cells peisist 
in the medulla of the ov ary in v csligial form as the so-called medullary’ cords, 
but do not give rise to sc\ cells Their occasional pathological hy’pcrtrophy is 
supposed to be responsible for the appearance of male secondary characters 
m VN omen The definitive ov a arc dcriv ed from cells vv Inch arise m subsequent 
waves of proliferation from the germinal epithelium This proliferation occurs 
most conspicuously before birth, and since the times of Waldcyer (1870) it 
has been commonly believed that a girl is born with all the ova she will ever 


have According to this view these ov’a arc supposed to lie dormant until 
sexual maturity, when they arc stimulated, in groups, to undergo their final 
development Of each group that starts to develop, some undergo degenera' 
tion, but on the average one egg cell a month is supposed to be brought to 
maturity and liberated by ovulation Some eggs that eventually mature, 
according to this still widely credited view, would have Iain dormant m the 
ovary for from 45 to 50 years 

Evidence recently has been adduced, however, which tends to show that 
unfertilized ova are in reality short-lived cells (Allen, 1922, Evans and Swezy, 
1931) These authors believe that the ova seen m the ovaries of infants and 
sexually immature girls all degenerate and that they arc replaced by new 
proliferations from the germinative epithelium On the same interpretation, 
the partially differentiated eggs in the ovary of a sexually mature adult today 
are practically all doomed to die during the succeeding month, and will be 
replaced by new proliferations from the germinal epithelium This process is 
described as a cyclical one and as continuing throughout the sexually active 


life of the individual At cording to this v lew, the human female develops, not 
merely the quarter- to half-million potential ova which the newborn infant 
possesses, but many more during her reproductive life from menarche to 
menopause The overproduction of potential gametes m the female would 
thus more nearly approach that existing m the male, although in the female 
relatively few of them are actually brought to maturity Which of these con- 
flicting views ultimately proves to be coircct is of far more than theoretical 
embryological significance If the newer view as to the continuous production 
of ova IS correct, the surgical handling of ovarian lesions should be more con 
servative than is now usually the case, since even a small piece of ovarian 
germinal epithelium might produce functional ova 


Early Drfferent.at.o„ of Testes Shortly after the pnmordtal sex cells 
become established m the gonads, sexual differentiation begins It is then 
necessary ,o trace the course of events separately for the Uvo sexes (Flg 7) 
During the embryonic life of the young male individual the pnmor^fl sex 
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cells grow from the epithelial cot cring of the testis into its substance and there 
become organized to form the seminiferous tubules Mans cell generations 
are of course occupied with the fabrieation of a seminiferous tubule, but the 
- cells nhich etentualh constitute its wall can, net crtheless, be traced back 
to the primordial sc\ cells of the germinal epithelium of the gonad When thc> 
t become established m the walls of a seminiferous tubule, the cells are known 
as “sperm mother cells” or spermatogonia At this stage of deiclopment the 
1 spermatogonia constitute the indi\ idual s “germ plasm ” During carl) post- 
natal life and the grow th period, these future gamete producers remain rela- 
tivcly quiescent and iindes eloped Their inaetivity stands in sharp contrast 
to the rapid proliferation and differentiation of the remainder of the cells 
which go to make up the body of the growing individual It is as if the sper- 
matogonia, thus set apart, were hoarding their energy for the nc\t genera- 
tion Only when the individual becomes sexually mature do they begin 
intcnsiv c activ ity 

Spermatogenesis The mature testes contain a large number of much 
convoluted seminiferous tubules Their position and relations arc schemati- 
cally indicated in Tig 5 This illustration, however, gives no conception of 
the astonishing total length of the gamete-producing tubules crowded within 
the testes It has been estimated by Osterrud and Bascom from a study of 
serial sections that the total length of the seminiferous tubules from one testis 
of a mature boar pulled out straight and placed end to end would reach 3200 
meters When one realizes the total length of these tubules, it is not difficult 
to understand how each ejaculate of semen contains millions upon millions 


of fully formed, active spermatozoa 

In man and the relativ ely few other animals that have no special breeding 
periods, spermatogenesis goes on continuously during sexual maturity The 
maturation divisions and the subsequent metamorphosis of the spermatids 
are believed to occupy about 10 days The different tubules of an active testis 
exhibit all phases of the process, but since the tubules seem to be swept by 
waves of activity, a given area of a particular tubule is likely to show a strong 
preponderance of some particular stage 

If we examine the spermatogonia lying at the periphery of an active adult 


seminiferous tubule, we see many mitotic figures (Tig 8, 2) A cell arising 
from such a spermatogonial division may do one of two things (1) It may 
cease dividing for a time and, by growing to a size markedly larger than its 
parent, become differentiated as a primary spermatocyte (Fig 8, 1) or (2) it may 
remain like its parent and continue to produce other spermLogonia The 
new cells thus formed take the place of the spermatogonia which have grown 
into spermatocytes and moved out of the spermatogonial layer toward the 
lumen of the tubule Thus, some of the cells always remain in the peripheral 
part of the tubule as spermatogonia and furnish a constant source oLeW cefi 
ready for conversion into spermatocytes “ 

Once a cell goes through the growth phase which , . 

call It a primary spermatocyte, its future history is very defini^'lt! 
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mined It first undergoes a mitotic division resulting in the formation of tuo 
smaller daughter cells called secondary spermatocjies (fig 8, 5) Each of these 
secondary spermatocytes, without any resting period which might allow the 
cells to grow to the size attained by their parents, promptly divides again 
and forms two spermatids (Fig 8, 6. 7) Cell division then ceases and each 



Fio 8 Semischcmatic figure showing small segment of the 
wall of an active seminiferous tubule Sequence of events in pro- 
duction of spermia is indicated by the numbers A spermato- 
gonium (1) goes into mitosis (2), producing tuo daughter cells 
(2a, 2b) One daughter cell (2a) may remain pcnpherally located 
as a new spermatogonium, eventually coming to occupy such a 
position as la The other daughter cell (2b) may grow into a 
primary spermatocyte (3), being crowded meanwhile nearer the 
lumen of the tubule When fully grown the primary spermatocyte 
will go into mitosis again (4), and produce two secondary sperma- 
tocytes (5, 5) Each secondary spermatocyte at once divides again 
(6, 6), producing spermatids (7) The spermatids become em- 
bedded in the tip of a Sertoli cell (7a), there undergoing their 
metamorphosis and becoming spermia (8) which, when mature 
are detached into the lumen of the seminiferous tubule 

spermatid is gradually transformed into a fully formed, potentially functional 
male gamete, a spermatozoon, or spermium 

In the metamorphosis of a spermatid the nuclear material becomes ex- 
ceedingly compact to form the bulk of the head of the spermium, the centro- 
somal apparatus of the spermatid undergoes an elaborate modification to 
give rise to the motile axial filament of the tail of the spermium, and the 
cytoplasm is reduced greatly m bulk, giving rise to an envelope with a tiny 
thickened cap (acrosome) about the head of the spermium, and a delicate 
investment of the axial filament of its middle piece and tail (Fig 9) During 
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their transformation, the spermatids are embedded m the cytoplasm of nurse 
or supporting cells {SerloU cells) which he at intervals m the wall of the semi- 
niferous tubule (Fig 8, S) It is believed that in some way the Sertoli cells 
transfer to the metamorphosing spermatids food materials they themseKes 
obtain from the small blood vessels in the connective tissue imcstmg the 



seminiferous tubule When they are fully mature, the spermia free them- 
selves from the Sertoh cells and are carried out along the lumen of the semi- 
niferous tubule toward the epididymis 

In the microscopical study of semen, abnormal spermatozoa of a variety of 
types arc not infrequently seen (Fig 10) It seems probable that such spermia 
in the race to meet and penetrate an ovum, are outstripped by the millions 
of normal spermia with which they are surrounded, and that, taking no part 
in fertilization, they can not be concerned with the production of abnormal 
embryos So little, however, is knoivn with any degree of certainty, either as 
to the significance of these abnormal spermia or as to the causes of abnormal 
development, that any such statement must be made tentatively and not 
dogmatically ^ 
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spermatid is gradually transformed into a fully formed, potentially functional 
male gamete, a spermatozoon, or spermium 

In the metamorphosis of a spermatid the nuclear material becomes ex- 
ceedingly compact to form the bulk of the head of the spermium, the centro- 
somal apparatus of the spermatid undergoes an elaborate modification to 
give rise to the motile axial filament of the tail of the spermium, and the 
cytoplasm is reduced greatly in bulk, gi\ mg rise to an envelope with a tiny 
thickened cap (acrosome) about the head of the spermium, and a delicate 
investment of the axial filament of its middle piece and tail (Fig 9) During 
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their transformation, the spermatids are embedded in the cytoplasm of nurse 
or supporting cells {Serlclt cells) which he at intervals in the wall of the senii- 
mferous tubult (Fig 8, «) It is believed that in some way the Sertoli cells 

transfer to the metamorphosing spermatids food materials they thcmscKcs 
obtain from the small blood vessels m the connective tissue imesting the 



seminiferous tubule When they are fully mature, the spcrmia free them- 
sehes from the Sertoli cells and are carried out along the lumen of the semi- 
niferous tubule toward the epididymis 

In the microscopical study of semen, abnormal spermatozoa of a variety of 
types are not infrequently seen (Fig 10) It seems probable that such spermia, 
m the race to meet and penetrate an ovum, are outstripped by the millions 
of normal spermia with which they are surrounded, and that, taking no part 
in fertilization, they can not be concerned with the production of abnormal 
embryos So little, however, is known with any degree of certainty, either as 
to the significance of these abnormal spermia or as to the causes of abnormal 
development, that any such statement must be made tentatively and not 
dogmatically 
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Early Differentiation of Ovarv The origin, migration, and early segrega- 
tion of the primordial sc\ cells m the gonad take place, as we have seen, 
before there is any sexual differentiation observable in the embryo Conse- 
quently, m tracing these phenomena, we established a common starling 




Fig 10 Various types of abnormal human spermatozoa Normal sperma- 
tozoon for comparison is sho%vn m A, X 1600 (A, I, after Maximow, B, G, D, 
E, G, K, after Broman, F, H, J, L, after Moench and Holt ) 


point for following later developments m the female as well as m the male 
(Fig 7) Even when the indifferent stage is passed and it is possible to say 
definitely that a given embryo Xb developing into a female, conditions m the 
ovary are at first similar m a general way to conditions m the testis at a corre- 
sponding stage of development The sex cells which have appeared m the 
epithelium investing the growing ovary push centripetally into the ovarian 
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connective tissue m a manner ver> suggestue of the uay seminiferous tubules 
arise m the testis The cords of sc\ cells thus invading the ovarian stroma are 
known as "egg tubes” (migerous cords, Pflugcr’s tubes) 

From this point on, the vtiuctural resemblances of the growing gonads in 
the two sexes become less and less apparent A striking liomolog>, however, 
exists throughout the entire senes of changes in the germ cells themselves, and 
should not be lost sight of even though the later phases occur in organs dif- 
ferentiating as divergentlv as the ovary and the testis In both spermatogenesis 
and oogenesis we can recognize a succession of three comparable phases (1) 
A period of proliferation in which spermatogonia and oogonia, hy a senes of 
repeated divisions, augment the available numbers of potential germ cells, 

(2) a period of cell growth to primarv spcrmatocvtc or primnry oocyte sig- 
nalizing the end of proliferation and the approach of maturation, and finally 

(3) the period of maturation which involves alvva>s two, and onl> two, 
ceil divisions characterized b> the special nuclear processes of chromosome 
reduction 

Oogenesis Although the phases of the processes are directly comparable, 
the details of spermatogenesis and oogenesis show many interesting contrasts 
Their difTercnces are correlated with the antithetical nature of the special- 
izations in the gametes themselves In the male, small, actively motile gametes 
with no stored food material arc produced m enormous numbers 1 he energy 
which, m the male, goes into quantity production, in the female is expressed 
b> more elaborate preparation of the gametes and the storing of food mate- 
rial m their cytoplasm The ova thus become very higc, nonmotilc cells and 
compared with spermatozoa, relatively few of them are brought to maturity 
Very early m the history of the oogoma the tendency to concentrate effort 
on a few cells, rather than spread it over many, becomes apparent In the 
ovigerous cords, and in the egg nests which arc formed by the breaking up of 
the cords, one or two of the cells will almost always be found to have grown 
larger than their neighbors (Fig 11) All the cells of the cords or nests are 
potentially oogoma Those vvhich show enlargement arc already beginning 
their growth to form primary oocjiUs The cells vvhich lie adjacent to one of these 
growing oogonia, figuratively speaking, forego their own chances of becoming 
oocytes and arrange themselves as a protecting and food-purveying invi*;*- 
ment about the future ovum The entire group of cells thus formed is known 
as a primary ovarian {GraafianY follicle (Iigs 11, 12) T he cells surrounding the 
oocyte proliferate rapidly and form an increasingly thick covering about it 
IVith continued growth there appears m the layer of follicle cells a fluid-filled 


* Fotmerfy It was customary to name structures after the man first describinir them For examnle 
the ovarian follicle m all the older literature will be found desiimated as r^ti i r 

the Dutch anato^t Re, ju.ee de Graaf (1641-1673) Wh.le UufoM cu" om “eeeL^a 
p^eeve, foe u, .he „a„„ of poheeruck,, ikopceeenf Ceudeuc, „ ,o make oue homeSa.u" e m™" 
logical and more easily remembered by replacing proper name designations names descnmive 
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cavity which expands very rapidly (Fig 12, D-G) This cavity is called the 
antrvmf and the fluid winch fills it is known as the liquor folhcuh 

During the earlier phases of us development the follicle has usually pushed 
Us way deep into the conncctivc-tissuc framework, (stroma) of the ovary When 
the follicle begins to fill with fluid u starts to work gradually toward the sur- 
face As its S17C IS still further increased it comes to protrude from the ovary, 
appearing m the living subject, when exposed by operation, much like a 
water blister Such a follicle is nearly ready to rupture and release the con- 
tained egg cell 

follicle Approodvimj 



ii'g 


Rj'V hjrmeJ 
Corpus Luleum 


Tiuue «>F OwQry 


TOUfKJ 

"Corpus 
Ceoi^loled Blood j Luleum 


Fig 1 \ Schcmauc diagram of ovary showing sequence of events in origin, 
growth, and rupture of ovarian (Graafian) foJhcle, and formation and retrogres- 
sion of corpus luteum Follow clockwise around ovary, starling at mesovanum 

At this stage the follicle and the cell ha\ e acquired a degree of dif- 
ferentiation which demand closer scrutiny The egg cell contained m the 
nearh ripe follicle is commonly called the ovum, but if we used the termi- 
nology which emphasizes the homologies of development in male and female 
gametes, we should call it by its more cumbersome name, primary oocyte It 
has grown to a size many times that of the follicle cells which surround it, 
and Its abundant cytoplasm w dotted with granules of stored food material 
(yolk, deutoplasm) Since the total yolk content m mammalian ova is rela- 
tively small and uniformly distributed, the nucleus is not crowded to one side 
but is centrally located within the cytoplasm (Fig 12) The ctU membrane 
has become considerably thickened In many of the older texts it still keeps 
Its old name of “vitelline membrane,” which, along with such obsolescent 
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terms as “germinal vesicle” for the nucleus and “germinal spot” for the 
nucleolus, was given it before the true significance of “the egg” as a specialized 
cell was understood 
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Surrounding the ovum is a transparent noncellnlar x j i 
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radially elongated follicle cells constituting the so-called corona radiala Some 
of these radially arranged cells usually continue to cling to the ovum for a 
time after it is discharged (Fig 14, A) 

Turning our attention to the follicle, \vc find that as it has matured it has 
acquired an increasing amount of fluid within the antrum In this process 
most of the follicle cells arc crowded peripherally to constitute the so-called 
stratum granulosum, or cellular layer, of the follicular wall Outside the stratum 
granulosum, the immediately surrounding ovarian connective tissue has be- 
come condensed about the growing follicle This secondary connective-tissue 
investment is known as the theca Jolhadt (Fig 12) It may be dificrcntiatcd 
into an outer, densely fibrous layer, and an inner layer, less conspicuously 
fibrous, which contains many cells and numerous small vessels, but there is 
no sharp boundary between these layers, and the thtca itself blends gradually 
into the surrounding ovarian stroma 

At the point where the ovum lies among the follicle cells they form a hillock 
projecting from the stratum granulosum into the antrum This hillock is 
known as the cumulus oophorus When first formed it is broad and low As the 
follicle approaches maturity the cumulus becomes more elevated and some- 
what undercut (Fig 11) Finally, the ovum is earned on a slender stalk of 
cells which readily releases it and allows it to escape m the follicular fluid set 
free when the follicle ruptures 

Ovulation The precise mechanism which precipitates the rupture of the 
ovarian follicle is not as yet known with certainty In all probability there are 
several factors involved We know from the way mature follicles protrude at 
the ovarian surface that the fluid pressure within them is considerable As 
the follicle bulges under this pressure its connective-tissue envelope (theca 
follicuh) IS squeezed against the conncctivc-tissuc capsule (tunica albuginea) 
of the ovary It seems not unlikely that this process compresses the small blood 
vessels where the bulging is mast pronounced, thus reducing the nutrition of 
the region affected and eventually lowering the resistance of the tissues Such 
a mechanical effect of fluid pressure might well pave the way for the rupture 
of the follicle Underlying the development of the follicle and the accumu- 
lation of Its contained fluid, there is certainly the stimulus of a hormone pro- 
duced m the anterior lobe of the pituitary According to the recent work of 
Joseph Smith, there appears to be a marked increase in the concentration of 
salts m the liquor follicuh as the time of rupture approaches The endosmotic 
effect of such a concentration may well be a precipitating factor in bringing 
the internal fluid pressure to a point where rupture of the follicle occurs 

However future work may evaluate the importance of the several possible 
causative factors involved, we know that the rupture of the follicle when it 
does occur is an abrupt, almost explosive, process Hill, Allen, and Kramer 
have succeeded in milking a detailed xiucromovwg-picture record of ovula- 


zona radiata instead of zona pellucida is applied to this same layer The term, although descriptively 
appropriate, is unfortunate because it is so frequently confused with the totally diirerent cellular 
mvestment outside of it called the corona radiata 



gametogenesis 


25 


tion in the rabbit, and their film sho\\s\Mth great vividness the rapid terminal 
bulging of the follicle culminating in sudden rupture with a gush of follicular 
fluid which brings with it the ovum surrounded by its radiate corona of 
follicle cells (Iigs 13, 14) A slight hemorrhage can be seen to accompany the 
rupture of the follicle 

When an ovum is thus liberated from the surface of the ovary, it momen- 
tarily enters the abdominal cav ity Sometimes it fails to be picked up promptly 
in the funnel-hke opening in the uterine tube In such a case it is possible for 
spermia to v\ ork their way from the tube into die peritoneal cavit"^ and there 
fertilize the ovum The ovum will then begin to develop and attach itself to 
the viscera, thus bringing about an abdominal pregnancy Fortunately, such 
an eventuality is relatively uncommon, for it calls for prompt surgical inter- 
vention, and Its early recognition may severely test the physician’s diagnostic 
ability 

The danger of an ovum thus failing to find its way into the uterine tube 
IS not so great as one might suppose from the loose relations of the uterine tube 
to the ovary The ovum is liberated m close proximity to the tubal orifice 
into a region of the abdominal cavity which is more or less circumscribed by 
the adjacent gut, the broad ligament, and the pelvic wall At the time of 
ovulation the smooth muscle of the uterine tube is known to be highly active 
and the fringehke processes of its open end arc believed to sweep about, close 
against the ovary This action, together with the current created by the cili- 
ated epithelial lining of the tube, tends to capture the ovum and start it on 
us way toward the uterus That this mechanism is extraordinarily effective 
IS indicated bv certain rare cases on record in which, following the surgical 
removal of an ovary on one side and a tube on the othci , ov a from the remain- 
ing ovary were picked up bv the intact tube on the opposite side 

Atresia of Follicles By no means do all the follicles that start to enlarge 
go on to ovulation Ordinarily, a woman will bring to maturity but a single 
ovarian follicle each four weeks Examination of the ovary shortly before 
ovulation is due to occur, however, will reveal the presence of several follicles 
well advanced in their development Toward the close of thtir growth period 
something seems to happen to all but one of these follicles which abruptly 
causes them to cease development and begin to undergo regressive changes 
Xhe-dcgcuet^t^ of follicles which have thus ap parently starttd_to mature is 

^calied^atixsia (>'ig :L^--Alresiroflofhclcs is by no’mcanriimitetTto animnir 

wKl^ ordinarily produce but a single offspring at a tunc Among animals m 
which multiple births are the rule, follicles are also formed in excess and 
reduced by atresia to a number consonant with the number of young the 
particular species in question ordinarily bears m a litter Occasionally m 
women atresia does not reduce the number of follicles to the usual single one, 
and, if a fruitful coitus occurs at such a time, multiple offspring will result 
Corpus Luteum The history of an ovarian follicle is by no means closed 
vv hen It has liberated its contained ovum There remain in the ov ary the great 
bulk of the follicle cells and tht connective-tissue theca which surrounded the 
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radially elongated follicle cells constituting the so-called corona radtata Some 
of these radially arranged cells usually continue to cling to the ovum for a 
time after it is discharged (Fig 14, A) 

Turning our attention to the follicle, we find that as it has matured it has 
acquired an increasing amount of fluid within the antrum In this process 
most of the follicle cells arc crowded peripherally to constitute the so-called 
stratum granulosum, or cellular layer, of the follicular wall Outside the stratum 
granulosum, the immediately surrounding ovarian connective tissue has be- 
come condensed about the growing follicle This secondary conncctivc-tissuc 
investment is known as the ihfca JoUtcuU (Fig 12) It may be diflcrcntiatcd 
into an outer, densely fibrous layer, and an inner layer, less conspicuously 
fibrous, which contains many cells and numerous small vessels, but there is 
no sharp boundary between these layers, and the theca itself blends gradually 
into the surrounding ovarian stroma 

At the point where the ovum lies among the follicle cells they form a hillock 
projecting from the stratum granulosum into the antrum This hillock is 
known as the cumulus oophorus When first formed it is broad and low As the 
follicle approaches maturity the cumulus becomes more elevated and some- 
what undercut (Fig 11) Finally, the ovoim is carried on a slender stalk of 
cells which readily releases it and allows it to escape in the follicular fluid set 
free when the follicle ruptures 

Ovulation The precise mechanism which precipitates the rupture of the 
ovarian follicle is not as yet known with certainty In all probability there arc 
several factors involved We know from the way mature follicles protrude at 
the ovarian surface that the fluid pressure within them is considerable As 
the follicle bulges under this pressure its connective-tissue envelope (theca 
foUicuh) is squeezed against the conncctivc-tissuc capsule (tunica albuginea) 
of the ovary It seems not unlikely that this process compresses the small blood 
vessels where the bulging is most pronounced, thus reducing the nutrition of 
the region affected and eventually lowering the resistance of the tissues Such 
a mechanical effect of fluid pressure might well pave the way for the rupture 
of the follicle Underlying the development of the follicle and the accumu- 
lation of Its contained fluid, there is certamly the stimulus of a hormone pro- 
duced in the anterior lobe of the pituitary According to the recent work of 
Joseph Smith, there appears to be a marked increase in the concentration of 
salts in the liquor folliculi as the time of rupture approaches The endosmotic 
effect of such a concentration may well be a precipitating factor in bringing 
the internal fluid pressure to a point where rupture of the follicle occurs 

However future work may evaluate the importance of the several possible 
causative factors involved, we know that the rupture of the follicle when it 
does occur is an abrupt, almost explosive, process Hill, Allen, and Kramer 
have succeeded in making a detailed micromovmg-picture record of ovula- 

zona radiata instead of zona pellucida is applied to this game layer The term although descriptively 
appropriate is unfortunate because it » so frequently confused with the totally difTcrent cellular 
invMtment outside of it called the corona radiata 
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follicle before its rupture These structures become involved in the develop- 
ment of the corpus luteum The corpus lutcum, so called because of the > ellovv 
color It exhibits in fresh material, grows verv' rapidly m bulb for a time, and 
becomes an organ of internal secretion — that is to say, it produces a secretion 
which is not discharged bv wav of ducts, as is the case w ith ordinary glandular 
secretions, but which is liberated into the blood stream The secretion diffused 
from a ductless gland into blood vessels, and carried by the blood stream to 


B 


C 

Fig 14 Three photomicrographs (X 200) of the- primate ov'um 

A, Human oocyte from a follicle 14 mm m diameter, uhich ivas about re id> 
to rupture (After Stieve ) Note the chromosomes of the first maturation divi- 
sion and the radially arranged follicle cells constituting the so-called "corona 
radiata ” 

B, Similar stage of the ovum of a Macaque monlvey (After Corner ) Note 
the spindle of the first maturation div ision 

C, Human ovum washed out of the uterine tube Photographed before 
fixation (Carnegie CoU , 6289, courtesy W H Lewis ) Note the thickened zona 
pellucida and the loss of the cells which constituted the corona radiata The 
small, highly refractive areas in the cytoplasm are due to lipoid droplets 

some other place m the body where it exerts a definite physiologic effect, is 
called a hormone The probable action of the particular hormone produced 
by the corpus luteum m preparing the lining of the uterus to receive and 
implant the fertilized ovum is a subject to which we shall have occasion to 
return later in connection with the sexual cycle For the moment we are con- 
cerned with the origin and structure of the corpus luteum itself 

When the ovarian follicle ruptures, escape of most of the contained fluid 
and contraction of the stroma of the ovary reduce the size of its lumen 
Bleeding of the small vessels injured in the rupture of the follicle may par- 
tially fill the collapsed antrum with blood which, together with the residue 
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Fio 13 Enlargements of single fr'tmes of a timc*hpsc motion picture show- 
ing ovulation in the rabbit (From Hill, Allen, and Kramer, Anat Rec,Vol 63, 
1935) 

A, Profile view of two follicles about 1*^ hours before rupture 

B, Same follicles about hour before rupture 

C, Exudation of clear fluid m early phases of rupture 

D, At arrow 1, a new follicle becomes conical as the time of its rupture 
approaches At arrow 2, the exudate from the follicle sho\vn starting to rupture 
in C has become more abundant and has some blood (dark) incorporated in its 
mass 

E, The follicle indicated by arrow 1 in D is now beginning to rupture The 
blood-tmgcd exudate from the follicle which started to rupture in C and 
showed more vigorous exudation in D (arrow No 2) can be seen partly behind 
the more recently rupturing follicle 

F, The rupture of the follicle which is indicated by the arrow in E Time 
elapsed between the photographs shoivn m E and F, 8 seconds The ovum is 
carried out with this final gush of fluid from the ruptured follicle 




GAMETOGENESl*^ 


29 


of the follicular contents, promptly becomes consolidated as a clot A recently 
ruptured follicle thus filled with blood-tinged coagulated material is called a 
corpus hemorrhagicum Recent work seems to indicate that, in addition to 



Fig 16 Structure of corpora lutea A, Sketch, actual size, of ovary with 
corpus luteum of ovulation B, Sketch, actual size, of ovary \stih corpus luteum 
of pregnancy C, Photomicrograph (X 60) of segment of corpus luteum from 
capsule through to central clot-filled lumen D, Photomicrograph (X 225) of 
a small area of luteal tissue taken from the area marked in C B, C, and D from 
case operated on for tubal pregnane), embr>o 17 9 mm (7 ueeks fertilization 
iSe) 

the small amount of blood coming from the bleeding incidental to follicular 
rupture, there is a secondary hemorrhage of the small vessels m the corpus 
luteum at the time of the following menstrual period 

The coagulum at the center of the newly formed corpus luteum is soon 
attacked peripherally by phagocytic white blood corpuscles and becomes 
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Fig 15 Photomicrographs showin" three stages in follicular atresia A, Early 
regressive changes m follicle (X 75) B, Ovum and cumulus cells (X 200) (C), 
Antrum shrunken and filled with young fibroblasts (X 50) D, Scar similar to 
corpus albicans following a corpus luteum, but smaller (X 50) 
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of the follicular contents, promptly becomes consolidated as a clot A recently 
ruptured follicle thus filled with blood-tingcd coagulated material is called a 
corpus hemorrhagicum Recent work seems to indicate that, in addition to 



Fig 16 Structure of corpora lutea A, Sketch, actual size, of ovary with 
corpus luteum of ovulation B, Sketch, actual size, of ovary with corpus luteum 
of pregnancy G, Photomicrograph (X 60) of segment of corpus luteum from 
capsule through to central clot-filled lumen D, Photomicrograph (X 225) of 
a small area of luteal tissue taken from the area marked in G B, C, and B from 
case operated on for tubal pregnancy, embryo 17 9 mm (7 weeks fertilization 
age) 

the small amount of blood coming from the bleeding incidental to follicular 
rupture, there is a secondary hemorrhage of the small vessels m the corpus 
luteum at the time of the following menstrual period 

The coagulum at the center of the newly formed corpus luteum is soon 
attacked peripherally by phagocytic white blood corpuscles and becomes 





Fio 17 Corpori albicantia of different ages (X 22 5) 

A, Shortly after regression of luteal cells Note extensiv e central area partially 
filled with coagulum 

B, After central area has been nearly obliterated and corpus albicans has 
become more compact 

C, Further stage in same process of shrinkage 

D, Final stage which persists for a long time marking the site of an ovarian 
follicle and the corpus luteum which followed it 

and ramify among them These vessels bring m with them numerous small 
cells of thecal origin which become packed in among the more conspicuous 
cells which originated from the stratum granulosum (Fig 16) Thus, both 
layers of the follicular wall contribute to the corpus luteum although the most 
conspicuous and characteristic cellular elements are derived from the follicle 
cells of the stratum granulosum 
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Corpora lutea normally develop from all ruptured follicles, but if the 
liberated ova are not fertilized, the corpora lutea soon degenerate If, how- 
ever, the ova are fertilized and implanted in the uterus, the corpora lutea 
undergo a greatly prolonged period of growth and persist much longer before 
degenerating This difference in the history of the corpora lutea is recognized 
by designating the short-lived ones as the corpora lutea of oiulation and the ones 
which persist longer as the corpora lutea of pregnancy Histologically, they ex- 
hibit the same structural picture, their differences being apparently quantita- 
tiv e rather than qualitatn e, 

Whtn cither t>’pe of corpus luleum begins to degenerate, the retrogressne 
changes are in the nature of a fibrous in\ olution— that is, the cellular part 
of the organ disintegrates and fibrous connective tissue takes its place As 
this connective tissue grows older and more compact, it gradually takes on 
the characteristic whitish appearance of scar tissue Finally, all that is left 
in the ovary to mark the site of what was first ovarian foUicU, and subse- 
quently corpus luteum, is a shrunken patch of scar tissue called a corpus albicans 
(Figs 11 17) 

Formation of Polar Bodies The maturation of the “ovum” (primary 
oocyte) begins at just about the time of its liberation from the follicle As m 
the male, two divisions occur m rapid succession, but instead of four functional 
gametes being formed as an end-result there is m the female only one \t 
each maturation division, two cells arc formed But one of these cells receives 
practically all the stored food material of the primary oocyte, while the other 
receives little or none and soon degenerates The cell receiving no yolk mate- 
rial was called a “polar body” before its significance was understood It is, 
of course, an oocyte with a reduced share of cytoplasm 

The gross results of the two maturation div isions in the female are sche- 
matically summarized m Figs 7 and 18 The first maturation division ordi- 
narily occurs in the ovary just before the rupture of the ovarian follicle In 
this division the primary oocyte divides to form two secondary oocytes One 
of these receives little cytoplasm and is called the first polar bodv The second 
maturation division does not occur until the ovum has been released from the 
ovary, and, m mammals, is unlikely to be completed unless the ov urn has been 
penetrated by a spermatozoon In the second maturation division the secondarv 
oocyte which has pre-empted all the stored food material divides again, and in 
this division also the bulk of the cytoplasm goes to one of the two resulting 
ootids, which IS then commonly called the “matured ovum ” The other ootid 
is the second polar body Occasionally the firet polar body undergoes a second 
division, dearly indicating the homology of the maturation divisions m the 
two se^es (Fig 7) Usually, however, it degenerates before such a division 
occurs The second polar body likewise degenerates soon after it is formed 
leaving, of the four potential ootids, only one which becomes functional 

Chromosomal Reduction in Maturation Ihe events m the maturation 
of male and female gametes which havejust been discussed are but the more 
evident phases of the process There are changes of profound significance 
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progrcssu cl> reduced in extent Concomitantly, tlic follitular cells of the 
stratum granulosum increase greatly in both number and si7c, and crowd 
into the area formerly occupied liy the clot At the same lime, small vessels 
from the connective-tissue llieca penetntt the enlarged mass of follicle cells 



Fig 17 Corpon albicintia ofdifrcrcnt ^ges (X 22 5) 

A, Shortly after regression of luteal cells Note extensive centril area partially 
filled with coagulum 

B, After central area has been nearly obliterated and corpus albicans has 
become more compact 

C, Further stage in same process of shrinkage 

D, Final stage which persists for a long time marking the site of an ov arian 
follicle and the corpus luteum which followed it 

and ramify among them These vessels bring m with them numerous small 
cells of thecal origin which become packed m among the more conspicuous 
cells which originated from the stratum granulosum (Fig 16) Thus, both 
lay ers of the follicular wall contribute to the corpus luteum although the most 
conspicuous and characteristic cellular elements are derived from the follicle 
cells of the stratum granulosum 
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Prophase 

Second maturation 
division foflows with 
out resting stage 


Equatorial Plate 

Already split 

chromosotnes at 
eguator of sptndle 


Early Anaphase 

Daughter chromosomes 
begin moving to 
poles of spindle 


Second t^turalion Division 



Late Anaphase 

Half species number 
of chromosomes to 
each matured gamete 


Tig 19 Diagrams sho^v mg schemitically difTerences between chromosomal 
behavior m an ordinary mitotic division and in the maturation divisions To 
simplify the drawing the species number of chromosomes is taken as eight, 
instead of the 48 characteristic of man 
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going on at the same time m the nuclear material of the maturing sex cells 
The essential part of the nucleus which is involved is the chromatin In a 
resting cell the chromatin is dispersed through the vesicular nucleus in the 
form of small granules In a dividing cell these granules coalesce into bodies 
of varying length and shape, the chromosomes Because of their behavior in 


Gern\inQl epjlhelium 



Fig 18 Diagrams illustrating multiplication, growth, maturation, 
and fertilization of mammalian egg 


cell division, in the maturation of the germ cells, in parthenogenesis, and m 
relation to genetics, we know that the chromosomes play a most important 
part in heredity and as determiners of the course of individual development 
In the mitotic division of a cell (Fig 19, A-D) the chromosomes line up 
in the equatorial plane of the spindle, split lengthwise with mathematical 
exactness, and each daughter chromosome passes to one of the daughter cells 
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sons enable the cytologist to chart the chromosomes of a cell, similar pair by 
similar pair (Fig 21, A) The significance of this interesting pairing of the 
chromosomes will be further discussed in connection with maturation and 
fertilization 

Geneticists confirm and amplify the findings of the cy tologists as to the 
biological importance of chromosomes The hereditary principles, or “genes,” 
are thought of as self-perpetuating bodies in the chromosomes, each gene 
determining a particular “unit character ” The genes for different characters 
are believed to be situated each in a specific location in the chromosome This 
is indicated by so breeding organisms that specific characters are changed 
Microscopical cvamination of the germ cells m the individuals that shou or 
lack the particular characters which are being studied show the correlated 
changes in chromosomal pattern Of course genes, like atoms, arc ultra- 
microscopic in size, and the biologist can only infer their CMStcnce and 

A O a* i) t) o fi ol) v> ri u « •• m u wti •••(•!(• 
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Fio 21 Human cliromosomcs (After L\ans and Snnczj, Mem Univ Cal, 

Yo\ 9, 1929 ) 

A, the 48 chromosomes of a spermatogonium arranged into 23 fairly 
veil matched pairs and the X*Y pair (last pair on the right) 

B, The chromosomes in symaptic pairs as thi y appear m a primary 
spermatocytic (reductional) division Note the unmated X and \ chromo- 
somes at the right of the senes 

arrangement by observing the combination and recombination of the mate- 
rials in which they arc believed to be present, just as the physicist di duces 
the electronic structure of an atom which he can not see Thus from many 
and varied sources the evidence is steadily growing that the chromosomes are 
the all-important links in the endless chain of heredity — a definite number of 
pairs maintained constant m all the cells of an individual by mitosis, and 
carried into the bodies of the next generation by the gametes 

Significance of Maturation While the maintenance of the species 
number of chromosomes in an individual is dependent on mitosis, it is pre- 
served from generation to generation by the processes of maturation and 
fertilization By the maturation divisions, it w ill be recalled, vve mean to desig- 
nate the final two divisions of spermatogenesis or oogenesis In these divisions 
the number of chromosomes m the gametes is reduced to half the number 
chdracienstic of the species When, in fertihzation, a male and a female 
gamete, each bearing half the species number of chromosomes, unite with 
each other, the species number of chromosomes is re-estabhshed in the indi 
vidual of a new generation 

Cytologists have worked out the mechanism of the maturation divisions 
With great care m many forms Stripped of detail, and without reference to 
the many peculiar modifications encountered m different animals, the reduc- 
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Chromosomes and cytoplasm then both grow until tlicy arc ready to divide 
again Not onl> is it true that c\cry cell comes from a pre -existing cell, as 
Virchow maintained nearly a century ago in his famous phrase “omnis ccllula 
c ccllula,” but wt now know that cv cry chromosome comes from a previously 
existing chromosome And we know also that the daughter cell is like the 
parent cell because it has a similar chromosomal content 

It IS known, moreover, that in any species of animals all the body cells 
have the same number of chromosomes In Ascans megalocephala, the round- 
worm of the horse, the number isonly four in addition to the sex chromosomes, 
by virtue of this simple condition this Ibrm has contributed much to our 



Fig 20 The chromosomes of the germ celb of man (After Painier, J Exp 
Zool , Vol 37, 1923 ) The dividing ceJk arc reprcscnicd as viewed from a pole 
of the spindle so that the arrangcincnl of the chromosomes in the equatorial 
plate IS clcarl> shown A, The 48 separate chromosomes of a spermatogonial 
division (X 4000) B, Prophase of pnmary spermatocyte division showing the 
chromosomes m synaptic pairs (X 4000) «• * 

knowledge of chromosomes Drosophila, the fruit fly, has but eight chromo- 
somes, and, since these flies arc easily reared by thousands, they have con- 
tributed extraordinarily to our knowledge of the mode of mhentance The 
opossum has 22, a simple condition for a mammal, which helped Painter in 
his discovery of the sex chromosomes of mammals In following the lead of 
this earlier w ork, Painter was able to identify the sex chromosomes of man and 
to establish the human species number of chromosomes as 48 

If the chromosomes present in the cells of any species are carefully studied, 
It becomes apparent that each chromosome has its own characteristics They 
arc not all alike, as is unfortunately suggested by many oversimplified dia- 
grams of mitosis Furthermore, the chromosomes are present in pairs, the 
members of w-hich are similar in size and shape The members of a pair are 
not usually located next to one another on the spindle of an ordmary somatic 
mitosis (Figs 19, B, 20, A), but methodical micromeasurements and compan- 
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Consideration of the chromosomal bcha\ior during reduction will make 
It apparent that the cells formed b> the reduction diMSion must contain 
different hereditary’ potentialities because they contain different chromo- 
somes, not halves of the same chromosomes as m an ordinary’ mitosis ^Vlth 
man’s 48 chromosomes it has been estimated that some 17 million difrcrcnt 
combinations are possible at the time of the reduction division Nor docs this 
cover all the possibilities, for during sy'napsis there may be interchange of 
genes, a process the geneticist calls “crossing over,” which still further multi- 
plies the possible genetic combinations What hereditary possibilities arc dis- 
carded into the polar bodies and thrown off from the female gamete and what 
retained m the mature ovum, is a matter of chance distribution What poten- 
tialities find their way into the particular sperm which alone out of millions 
of its fellows fertilizes the ovum, is likewise fortuitous “In this way there is 
produced sufficient stability to insure continuity and at the same time suffi- 
cient variety to insure progress For the offspring will m the main resemble 
progenitors which have successfully lived in the prevailing conditions of the 
past, but Will exhibit sufficient variability among themselves to insure that 
some of them shall successfully live in any conditions likely to arise m the 
future” (William Patten, in “Life, Heredity, and Evolution”) 
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tion to half the species number of chromosomes is accomplished b> a cell 
division in which the chromosomes arc not split in the metaphase m the 
manner of a somatic mitosis, but instead arc redistributed In this process of 
redistribution half of them go bodily to one daughter cell and half to the other 
(Fig 19, E-L) 

In maturation the separating of the chromosomal pairs is preceded by a 
special preparatory process termed ^napsts which occurs in the prophasc of 
a maturation division but not m an ordinary mitosis If, under ideal condi- 
tions, we look at the spindle of an ordinary cell in mitosis (Fig 19, B), we 
can recognize the members of the chromosomal pairs by their size and shape, 
but the members of the pairs appear to he scattered in haphazard fashion 
When, during the prophasc, distinct chromosomes took shape these chromo- 
somes aggregated at once and without any evident scheme of arrangement at 
the equator of the spindle In contrast, during the prolonged prophasc of a 
maturation division, the members of the chromosomal pairs come to he close 
to each other and so remain for some time Tins pairing off of the chromosomes 
is called synapsis 

The pairs of chromosomes, still in intimate association, then gradually 
move to the equator of the spindle (Fig 19, E, F) In most forms which have 
been carefully studied, including man, these synaptic pairs of chromosomes 
as the first maturation division is approached have a peculiar quadripartite 
appearance which has led to their designation as a “tetrad ” This condition 
IS due merely to the fact that, as occurs in an ordinary mitosis, the splitting 
of the chromosomes themselves is already apparent before the actual migra- 
tion of the daughter chromosomes toward the poles of the spindle begins 
Thus a tetrad is nothing but a synaptic pair of chromosomes m which each 
member of the pair is already showing the sort of internal division which 
occurs at the corresponding stage in any mitosis (Cf Fig 19, B, F ) 

The characteristic thing about the process of reduction is that instead of 
each chromosome completing its splitting and moving toward the pole of the 
spindle, as is the case m an ordinary mitosis, the tivo members of the synaptic 
pairs are separated from each other, one going bodily to each pole of the 
spindle (Fig 19, F-H) This means that following such a division each 
daughter cell receives one member of each of the chromosomal pairs that are 
present in the somatic cells of the species, or half the species number Cytolo- 
gists call this half complement of chromosomes the haploid number, m con- 
trast to the diploid, or full species, number Usually, this reduction of the 
chromosomes takes place m the first of the two maturation divisions (Fig 19, 
E-H) In the second maturation division, which follows the first without the 
return of the chromosomes to the usual resting stage, the chromosomes of each 
daughter cell merely complete the division which was already begun when 
they went into synapsis Since this involves no further reduction of the chromo- 
somes but merely a splitting such as occurs m an ordinary mitosis, such a 
division, in contrast to the reducUon division, is called an equation division 

(Fig 19, I-L) 
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Consideration of the chromosomal behavior during reduction will make 
It apparent that the cells formed by the reduction division must contain 
different hereditary potentialities because they contain different chromo- 
somes, not halves of the same chromosomes as m an ordinary mitosis With 
man’s 48 chromosomes it has been estimated that some 17 million difftrcnt 
combinations arc possible at the time of the reduction division Nor docs this 
cover all the possibilities, for during synapsis there may be interchange of 
genes, a process the geneticist calls “crossing over,” which still further multi- 
plies the possible genetic combinations What hcrcdita»^' possibilities are dis- 
carded into the polar bodies and thrown off from the female gamete and what 
retained m the mature ovum, is a matter of chance distribution What poten- 
tialities find their way into the particular sperm which alone out of millions 
of Its fellows fertilizes the ovum, is likewise fortuitous “In this way there is 
produced sufficient stability to insure continuity and at the same time suffi- 
cient variety to insure progress For the offspring will in the mam resemble 
progenitors which have successfully lived in the prevailing conditions of the 
past, but Will exhibit sufficient variability among themselves to insure that 
some of them shall successfully live m any conditions likely to anse m the 
future” (William Patten, m “Life, Heredity, and Evolution”) 
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Sexual Cycle and Fertilization 

SEXUAL CYCLE 

Beneath the restraining influences of a complev social fabric there are 
operating m us the same physiologic mechanisms which make the reproduc- 
tive instinct one of the greatest driving forces among all living things Many 
phases of the cyclic changes m the human reproductive organs can be inter- 
preted only in the light of our more complete knowledge of the similar recur- 
ring changes in other mammals In them the behavioral manifestations of 
hormone-driven urges are uninhibited, and more important still, we can 
experiment on them freely under properly controlled conditions 

Perhaps the reticence which has so long shrouded matters pertaining to 
sex has had a retarding influence on the investigation of breeding habits and 
all the internal changes which are correlated with them Perhaps the prob- 
lems have been particularly intricate Certain it is, m any case, that only very 
recently have we begun to acquire anything like a real understanding of the 
underlying physiological factors Our knowledge is still far from complete, but 
some of the main points in the story have been fitted together and checked by 
experiment, and new information is constantly being added As is inevitable 
with any subject in which our Knowledge is growing rapidly, there is much 
difference of opinion as to the significance of certain of the observed facts It 
IS through the discussion and evaluation of just such divergent interpretations 
that further progress comes But it is neither possible nor advisable in such a 
brief account as this to become involved m the points of controversy We must 
content ourselves with a mere outline of the facts which seem best estab- 
lished and realize that even some of these facts may be subjected to different 
interpretations 

Sexual Cycle in Mammals Sexual periodicity is, as a rule, much less 
strongly developed in the male than in the female In some animals, such as 
those of the deer family, there is a brief period of intense sexual activity at one 
particular season of the year and then a long period durmg which there is 
sexual impotence and cessation of spermatogenesis More commonly, and 
especially is this true among the primates, the male is sexually potent through- 
out adult life A brief period of pronoimced sexual activity, when it does occur 
m males is known to animal breeders as the “rutting season ” It always corre- 
sponds in time with the females’ period of strong mating impulse which 
breeders call the “period of heat” and biologists speak of as the estrus 
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The term estrus originally referred merely to the CMStence of a period of 
strong sexual desire made e\ ident through behavior As more information has 
been acquired about the concomitant changes going on %vubm the body, it 
has become evident that this is close to the time of ovulation, and that the 
characteristic behavior is but an external indication that all the complicated 
internal mechanism of reproduction is ready to become functional If preg- 
nancy does not occur at this time, regressive changes follow and another 
period of preparation, must ensue before conditions are again favorable for 
reproduction This repeated senes of changes is known as the cstrous or sexual 
cycle Its phases in the absence of pregnanev are (1) A short time of complete 
preparedness for reproduction accompanied bv sexual desire (estrus), (2) a 



Fio 22 Graph showing correlation of changes which occur during the 
estrous cycle in the so%> (Compiled from the work of Corner, Secktngerf and 
Keye ) Note the coincidence of the important events leading toward pregnancy 
(coitus, ov ulation, fertilization of the ovum and its migration throu^ the ovi- 
duct to the uterus, and finally Us attachment to the uterine mucosa) w^th the 
height of local activity as indicated by the curves 

period during which the fruitless preparations for pregnancy undergo regres- 
sion (post- or metestrum), (3) a period of rest (dicstrum), followed by (4) a 
period of active preparatory changes (proestrum) leading up to the next 
estrus when everything is again m readiness for reproduction (Fig 22) 

There is wide variation m the length of time occupied by this cycle m 
different animals In some it occupies an entire year, the estrus being so 
placed seasonally that when in due time the young are born, conditions are 
favorable for their rearing Forms having thus but one breeding season m the 
year are said to be monestrous Other forms exhibit several breeding periods 
m a year Such animals are said to be polyestrous On the basis of our present 
knowledge it would appear that a polyestrous rhythm is the underlying 
condition m mammals generally Many factors mask or modify u m different 
cases, but m the forms which have been most fully studied it is unmistakably 




40 


SEXUAL CYCLE AND FERTILIZATION 


present Accepting this proposition tentatively, it is not unreasonable to 
suppose that an annual cstrus such as that exhibited by the deer family has 
become established through the suppression of other periods, primarily 
because of the regular recurrence of pregnancies of long duration following 
what was originally merely the most favorable of several estrous periods It 
is well known, furthermore, that the estrous cycle may be interrupted by 
many things other than pregnancy Tlius starvation, extreme exposure, or 
severe sickness may cause the suppression of an cstrus A contributing cause 
m reducing a pol>cstrous to a moncstrous rhythm, operative m the ease of 
females failing to become pregnant, might well be the seventy of the condi- 
tions under which many wild animals live during the winter, or during a 
dry season 

It IS known With certainty that many animals, as for example the sheep, 
which have but one breeding season m the year when living m their wild 
state, develop a polyestrous rhythm when living under domestication An 
underlying polyestrous condition is necessarily obscured when a pregnancy 
follows each estrus as occurs normally among wild animals It becomes 
apparent, however, when such an animal, under conditions of domestication 
or under experimental conditions in the laboratory, is not permitted to be- 
come pregnant Then following an unfruitful cstrus tlicre appears but a brief 
interval occupied by regression, rest, and preparation, followed shortly by 
another estrus Living conditions under domestication being relatively uni- 
form, suppression of an cstrus through starvation or exposure docs not occur, 
and the estrous periods keep recurring at fairly regular intervals until one 
of them IS consummated by pregnancy 

Such, m barest outline, is the sequence of events m the higher mammals 
generally Before considering the activating and regulating mechanisms 
underlying these recurring changes, it will be desirable to know in more 
detail the nature of the special structural alterations m the human uterus that 
are preparatory for receiving and embedding a fertilized ovum, and the 
regressive changes which occur when no pregnancy follows ovulation 

Primate Menstrual Cycle Menstruation is the term applied to the 
periodic discharge from the uterus of blood, mucus, and cellular d6bris which 
occurs in nonpregnant women of sexual maturity at about four-week inter- 
vals In temperate climates menstruation usually commences at an age of 13 
to 14 years and continues until the time of the menopause, which occurs 
ordinzinly in the late forties or early fifties The usual duration of the menstrual 
discharge is from four to five days, but there is considerable individual 
variability in the length of the period as well as in the mterval at which it 
recurs 

Because of the insistent recurrence of menstruation, a woman is likely to 
use her “periods” as time landmarks m the placing of events connected with 
her sexual life, or with any pelvic symptoms leading to the seeking of medical 
advice Perhaps this tendency has been m part responsible for the old miscon- 
ception that menstruation m women corresponded with the estrous period 
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in lower mamnials It is now, liowcvcr, well establislicd from experimental 
work with many mammals that the critical event of cstrus is ovulation, and 
m women ovulation occurs approximately midway between the menstrual 
periods 

The phase of the sexual cycle of lower mammals with which menstruation 
corresponds is that phase which occurs a short time after an unfruitful cstrus 
and IS characterized by reduction m the thickness of the mucous lining of the 
uterus and decrease m its blood supply (F>g 22) One reason i\hy this cor- 
respondence went so long unrecognized is the fact that the rcgrcssitc changes 
in the uteri of most mammals arc rclatucly slower than m women, and are 
accomplished without the sloughing of the uterine lining and the hemorrhage 
which give external notice of these internal events m women and in other 
primate females Menstruation is not then, as formerly believed, a process 
signalizing the preparation of a fr<sh, raw uterine surface m which the 
young embryo could readily implant itself It is rather the “protest of a disap- 
pointed uterus,” that all its elaborate preparations for embedding and nour- 
ishing a fertilized ovum have gone for naught 

Detailed consideration of the microscopical cnanges undergone by the 
lining of the uterus during the menstrual cycle is ordinarily regarded as 
belonging in the province of histology, and excellent accounts arc available 
m any good histological text-book Nevertheless, the importance of the uterine 
mucous membrane m the implantation of the embryo and m the formation 
of the placenta makes u necessary for us at this juncture to be familiar with 
at least the general nature of these changes I ig 23 reproduces photomicro- 
graphs of the mucous membrane of the uterus made to the same scale of 
magnification at various stag(s in the cycle 

Considering, first, conditions shortly after the previous period has ended 
(Fig 23, A), it will be noticed that the lining epithelium has been rtcon- 
struct< d although it is still somewhat thin in spots This epithelial restoration 
IS accomplished with surprising rapidity by proliferation of the cells of the deep 
part of the glands, below the level involved m the sloughing process The 
glands themselves in this early phase of reconstruction are relatively slender 
and straight, and their lumina arc small and devoid of any conspicuous 
amount of secretion The connective tissue supporting the glands is of a richly 
cellular, young-appearing type, lacking the coarse fibers usually so conspicu- 
ous in adult connective tissue Six days after the end of tht preceding period 
(that IS to say, on the eleventh day of the cycle, which is arbitrarily regarded 
as commencing with the first day of flow), the mucous membrane is about 2 
to 3 mm thick (Fig 23, B) Until the last third of the cycle is reached, no 
very striking changes in the general histological picture occur except the 
gradual increase in the thickness of the mucous membrane 

As the last third of the cycle is entered, changes m the appearance of the 
glands begin to become evident The walls of the glands become irregular, the 
size of their lumen increases, and a conspicuous amount of secretion can be 
seen within the glands There is also a striking increase m the conspicuousness 




Fig 23 The histological changes in the uterine mucous membrane during 
the menstrual cycle (From preparations and photomicrographs loaned by Dr 
George W Bartelmez, reproduced X 20 ) A, Seventh day of menstrual cycle, 
the endometrium is in its early growth pha^ B, Eleventh day of menstrual 
cycle, later growth phase of endometrium, tune of ovulation approaching C, 
Twenty third day of menstrual cycle — stage of maximal secretory activity under 
stimulating effect of the corpus luteum D, Twenty-eighth day — ^menstruation 
imminent Note the marked edema of the superficial zone of the mucosa E, 
First day of menstruation F, Fourth day of menstruation G, Fifth day — tran- 
sition from menstruation to eariy repair 
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of the small arteries supply mg the superficial portion of the mucosa, and they 
extend nearer to the surface These arteries tend to follow a spiral course 
and their coiling becomes much more marked at this stage By the end of the 
third week of the cycle these changes begin to progress at an accelerated rate 
and thewhole histological picture suggests heightened activity Durmgthcwcck 
before the impending period is due to commence, these changes reach their 
culmination The glands arc greatly distended, the small blood \esscls are 
engorged, and the actual thickness of the mucosa has increased from the 
1 mm or less left immediately after the last period ended, to perhaps 4 or 5 



Fig 24 Graphic sumtnar> of changes m the endometnum during an ordi- 
nary menstrual cycle and a subsequent cycle in\Nhjchpregnanc\ occurs (Modi- 
fied from Schroder ) The correlated changes m the ovary are suggested above m 
their proper relation to the same time scale 

mm (Fig 23, C) This is the so-callcd secretory phase, Nvhen the uterus is 
fully prepared to implant and nourish i >oung embryo 

If fertilization does not occur, this phase of premenstrual congestion goes 
over into menstruation Immediately preceding the actual menstrual dis- 
charge is a brief phase in ^vh^ch there is a reduced blood flow to the super- 
ficial zone of the uttnne mucosa, although the blood flow in the vessels sup- 
plying the deeper layers remains uninterrupted In the affected superficial 
zone white blood corpuscles begin to migrate into the stroma and the tissues 
deprived of an active circulation, begin to deteriorate \Vhen this ischemic 
phase (Fig 23, D) has lasted a few hours, spiral arteries here and there start 
to open up and blood pours into the superficial capillaries and soon ruptures 
their weakened walls so that there is extravasation into the tissues beneath 
the epithelial lining In a very brief tune the now necrotic superficial tissue 
together with the extravasated blood which remains unclotted, additional 
blood oozing from the freshly denuded surface, and the secretion from the 
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opened moutlis of tiic glands, all start to conic away together as tlic menstrual 
discharge (Iig 23, JC, F) Once stnitcd, this process proceeds npidlj in a 
given area, but by no means is the entire uterine lining snnultancousl) 
afTcctcd During the early jiart of the period, area after area is insoUcd until 
by tlic third day the uterine surface lias l>ten prett) well denuded 

Repair, beginning first in the areas whicli were the first to lie affected, 
IS initiated promptly (Fig 23, G) According to Ilnrtclmc/, it is only a matter 
of a few lioiirs before the epithdial lining is re-estabhslud over tlic denuded 
areas and the slow growth of the nc\t inUrmcnstru.il intcr\nl commences 
The highly schematized diagram of Fig 21 simimari/cs tlic sequence of 
changes in the cycle Comiiarison of this figure witli the actual photomicro- 
graphs of I ig 23 will m.ikc clear the significance of such things in the diagram 
as (1) the hca\ily sliadcd basal layer of the mucous membrane, wfiich indi- 
cates tlic part not sloiiglicd off during mcnstriniion, (2) the differences in 
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Fio 25j Chan show mg Icngtlisofmcnstnnl cycles of a «inglcindiMdinlfof a 
period of nearly 20 years The days of tlic menses were recorded on a calendar 
beginning wuh the onset of menstruation at the age of 13 Note panicuhrly the 
irregularity of the lengths of the cycles during adolescence (After Knaus, from 
Hartman “Time of Ovulation m Women,” Courtesy, The Williams &. 
SVilkms Co ) 

the shape of the glands, and (3) the startling differences m tlie total thickness 
of the mucous membrane diagrammed for different parts of the cycle 

Although the length of the menstrual cycle is ordinarily stated as being 
28 days, this is merely a convenient statistical average \Vhcn the length of 
the cycle is noted month by month and recorded on a calendar, it becomes 
apparent that there is much more variation than is commonly recognized 
There are great differences m the length of cycles in different indiv iduals and 
in the same individual at different times Particularly instructive are indi- 
vidual records kept over long periods Such records (Fig 25) show very 
strikingly the irregularity of the intervals between menstrual periods ^vhlch is 
so usual in young women 

Ovanan Cycle Although its rhythm is subject to even more individual 
variability and its vagaries are far less easily ascertained, the ovary as well as 
the uterus is known to undergo cyclical changes As is the case with menstrua- 
tion, ovulation begins at puberty and continues at approximately four-week 
intervals until the menopause, except when interrupted by pregnancy and 
lactation by pathological conditions, or by disturbances m the endocrine 
regulator mechanism The parallel periodicity and the obvious fonctionji 
association of ovulation and menstruation suggest their control by interlocking 
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mechanisms, but tlic intcrdcpcnclcnct of the two processes is not clirtri and 
absolute, for eitliei can, undti ctitiini circuinsiaiiLCa, occur in the absence 
of the other 

The nature of the process ofo\ illation Ins l^een considered in the preceding 
chapter The question which is of interest to us at the moment is the time 
relation between ovulation and menstruation, for although tlic intermenstrual 
and interov Illation intervals are of alx>ut the same duration, we know that 
the critical c\ ents of the c) clcs do not coincide The first trustw orth) informa- 
tion on the time of ovulation came from tlic microscopical stud) of material 



obtained from operations in which removal of the ovaries was necessary 
Assessment of the stage of dev'elopmcnt of the ovarian follicles, or of the 
age of a corpus luteum, in the light of a known menstrual history, clearly indi- 
cated that the time of ovulation was approximately midway between m*en- 
strual periods (Fig 24) Additional evidence pointing m the same direction 
came later from the recovery of ova from the uterine tubes Necessarily, such 
cases have been too few to be conclusive by themselves, but additional data 
currently accumulating from new lines of work are confirmatory 

The most convincing evidence, because of the possibility of absolute 
experimental control and surgical checking of the observations, has been 
obtained from the study of monkeys Many workers have contributed sitrnifi 
candy, conspicuous among whom have been Allen at Yale, and Comer and* 
Hartman at the Carnegie Embry ological Institution m Baltimore Mnnl^ 
such a th.n abdo™.„„ ,,^.1 .hat the and shape of .hr ova“j; 
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be determined with surprising accuracy by bimanual palpation Tlic bulge 
on the surface of the ovary caused by the increasing size of an ovarian follicle 
as It approaches maturity can be felt, and by regular examinations the time 
at which the enlarging follicle suddenly collapses with the release of its 
contained ovum can be determined In such experimental animals, further* 
more, absolute confirmation of the findings by bimanual examination may 
be obtained by operative exposure of the internal organs, by controlled 
matings, or by careful histological examination of removed tissues Interest- 
ingly enough, the Rhesus monkeys being employed in this line of work have 
a menstrual cycle of about the same length as that of women Consequently, 
the studies carried out on them aid enormously m interpreting the much less 
complete and less controlled data available for the human female 

From all of these lines of investigation it is becoming increasingly clear 
that the usual time at which ovulation may be expected to occur is approxi- 
mately midway between menstrual periods (F ig 26) It can not be too strongly 
emphasized, however, that there is great variability m the ovulation time m 
different individuals It is impossible to predict that any particular patient 
will ovulate between the eleventh and fifteenth days of the menstrual cycle, 
as do the majority of women Since a knowledge of ovulation time may be of 
great value in dealing medically with a case of apparent sterility, or as an aid 
in the proper spacing of pregnancies, the importance of working out practical 
methods of determining the time of ovulation precisely m the ease of a specific 
individual is self-evident Equally clear is the folly of attempting to safeguard 
a patient to whom pregnancy would be dangerous, merely by directing her 
to abstain from coitus m that part of the menstrual month when most women 
are known to ovulate Such a patient may be just the exceptional person who 
ovulates earlier or later than the average 

Cyclical Changes xn Uterine Tubes and Vagina has been shown by 
Snyder, Seckinger, and others that the uterine lubes begin to exhibit increased 
muscular activity at the time of ovulation This increased activity apparently 
reaches its height during the three or four days following ovulation v\ hile the 
recently discharged ova are traversing the tube In the mouse, as shown by 
Burdick, Whitney, and Emerson (1942), the peristaltic activity is at its maxi- 
mum in the part of the tube where the eggs are located There is also at this 
time an increase in thickne^, and apparently m secretory activity, on the 
part of the epithelial lining of the tube (Fig 27) It would be interesting to 
know, m addition, whether or not any increase m the power of the ciliary 
action of the tubal epithelium occurs at this time, for the cyclical changes m 
the tube are undoubtedly correlated with the efficient transportation of ova 
In many of the lower mammals there are marked changes m the character 
of the vaginal epithelium at different ages and at different phases of the sexual 
cvcle The cyclical changes, particularly conspicuous m some of the rodents, 
were first reported m detail by Stockard and Papanicolaou for the gumea-pig 
Their most striking feature in the gumea-pig or in the white rat, which is now 
50 extensively used for experimental purposes, is a marked increase m the 
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keratmization of the epithelium at the cstrous phase of the cvclc, followed b> 
an extensive imasion of the epithelium by leukocytes and desquamation of 
the surface cells in the mctcstrous phase of the cycle This information has 
been of immense value m the handling of large groups of animals under 
observation for the elTcct of some of the hormones involved m regulating the 
sex cycle So exactly have these vaginal changes become known and so pre- 
cisely are they correlated with the changes in the internal sex organs that it 
IS possible for an experienced worker m the field to tell what phase of the sexual 
cycle an experimental animal is m, merely by microscopic examination of a 
vagin'il smear 



Fig 27 Epitheliallmmg of human uterine tube m different slates of activity 
(Drawn X 500, after Snyder, Bull Johns Hopkins Hosp , Vol 35, 1924) A, 
During proliferative phase of uterine c^cle B, During secretory phase C, Just 
before onset of menstruation D, During pregnancy 

The age changes occurring m the human vaginal epithelium under 
hormonal control are very striking In a nonpregnant, sexually mature 
woman, the vaginal epithelium is a relatively thick stratified squamous epi- 
thelium with a liberal number of flattened cell layers toward its surface 
(Fig 28, C) This thick condition of the epithelium can be shown experi- 
mentally to depend on the presence of an adequate level of the estrogenic 
hormone The young girl (Fig 28, B) and the senile woman (Fig 28, D) 
show a strikingly thinner vaginal epithelium It is very interesting m this 
connection that the newborn female infant shows a thick vaginal epithelium 
(Fig 28, A) under the influence of estrogenic hormones which enter the fetal 
circulation by way of the placenta It is only two to three weeks after birth 
however, before this paradoxically thick vaginal epithelium of the newborn 
IS reduced to the thinness characteristic of the period of childhood 
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be determined with surprising accuracy by bimanual palpation The bulge 
on the surface of the ovary caused by the increasing si7t of an ovarian follicle 
as It approaches m<tturiiy can be felt, and by regular examinations tlic time 
at which the enlarging follicle suddenly collapses with the release of iis 
contained ovum can be determined In such experimental animals, further- 
more, absolute confirmation of the findings by bimanual examination may 
be obtained b> operative exposure of the internal organs, by controlled 
matings, or by careful histological examination of removed tissues Interest- 
ingly' enough, the Rhesus monkeys hemg employed in this line of work hive 
a menstrual cycle of about the same length as that of women Consequently, 
the studies carried out on them aid enormously m interpreting the much less 
complete and less controlled data av'ailablt for the human female 

From all of these lines of imcstigation it is becoming increasingly clear 
that the usual time at which ovulation may be expected to occur is approxi- 
mately midway between menstrual periods (Fig 26) It can not be too strongly 
emphasized, however, that there is great variability m the ovulation time m 
different individuals It is impossible to predict that any particular patient 
will ovulate betsveen the eleventh and fifteenth days of the menstrual cycle, 
as do the majority of women Since a knowledge of ovulation time may be of 
great value m dealing medically with a ease of apparent sterility, or as an aid 
in the proper spacing of pregnancies, the importance of working out practical 
methods of determining the time of ovulation precisely m the ease of a specific 
individual is self-evident Equally clear is the folly of attempting to safeguard 
a patient to whom pregnancy would be dangerous, merely by directing her 
to abstain from coitus in that part of the menstrual montli when most women 
are known to ovulate Such a patient may be just the exceptional person who 
ovulates earlier or later than the average 

Cyclical Changes in Uterine Tubes and Vagina has been shown by 
Snyder, Seckmger, and others that the uterine tubes begin to exhibit increased 
muscular activity at the time of ovulation This increased activity apparently 
reaches its height during the three or four day^ fonowing ovulation while the 
recently discharged ova are traversing the tube In the mouse, as shown by 
Burdick, Whitney, and Emerson (1942), the peristaltic activity is at its maxi- 
mum m the part of the tube where the eggs arc located There is also at this 
time an increase m thickness, and apparently in secretory activity, on the 
part of the epithelial lining of the tube (Fig 27) It would be interesting to 
know, in addition, whether or not any increase m the power of the ciliary 
action of the tubal epithelium occurs at this time, for the cyclical changes in 
the tube are undoubtedly correlated with the efficient transportation of ova 
In many of the lower mammals there are marked changes in the character 
of the vaginal epithelium at different ages and at different phases of the sexual 
cycle The cyclical changes, particularly conspicuous in some of the rodents, 
were first reported m detail by Stockard and Papanicolaou for the gumea-pig 
Their most striking feature in the guinea-pig or in the white rat, which is now 
so extensively used for experimental purposes, is a marked increase m the 
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auction It IS not enough that it be brought periodically to maximum effi- 
ciency for Its own particular r 61 e, the period of readiness of each part must 
be so tuned that as the critical c\cnts m reproduction shift from one organ 
to another, there is no delay — no essential part of the intricate mechanism 
unprepared 

That the timing of the \anous events m the sexual c\cle is under the 
control of hormones has long been indubitably established But the interplay 
of the \arious hormones imoKcd is intricate It takes much patient experi- 
menting to determine the precise effect of a single hormone acting alone 
Much more difficult is the interpretation of the effect of several of them acting 
together or in sequence At the present time there is probably no field in the 
biological sciences in which investigation is so active as it is in cndocnnologv 
Scaicelv a current biological or medical journal fails to add some bit, large or 
small, to the growing mosaic of our knowledge of the mode of production, 
chemistry, or physiological eflects of hormones Nevertheless, it is not yet 
possible to give even a brief, tentative sketch of some of the major hormonal 
activities involved in the regulation of the events of the sexual cycle without 
the reservation that much of the information is recently acquired, not yet 
thoroughly tested, and therefore subject to revision as new' facts come to 
light 

Paradoxically enough, the primary activator is located not in close posi- 
tional association with the reproductive organs, but deep within the skull, 
in close association with the brain The pituitary gland, or hypophysis, not 
much larger than a cherry stone, is an insignificant-looking mass of tissue, 
the function of which has long piqued man’s curiosity In the Middle Ages 
one readily could have become involved m a controversy as to whether it was 
the abiding place of the soul, or a special organ for eliminating mucus from 
the brain Today anyone attempting to interpret the activities of this extraor- 
dinarily busy little mass of cells finds himself involved m a whole senes of 
controversies involving anywhere from five to fifteen hormones, most of which 
pass under several aliases 

Long before s<xual maturity, the anterior lobe of the hypophysis, through 
one of the hormones it produces, begins to exert a profound influence on the 
sex organs If young animals arc hypophysectomized, the reproductive organs 
remain infantile in size, the characteristic sexual cycle is not established, and 
the individual is sterile Of cour^ it has long been known that early removal 
of the ovaries resulted m failure of the menstrual cycle to be established, and 
that their removal during maturity caused cessation of menstruation, but we 
now begin to see that the chain of events reaches farther back Before the ovary 
can play its role m activating the uterus, it must first be brought to full func- 
tional capacity by being itself stimulated during its growth period by a 
hormone from the anterior lobe of the hypophysis 

This early action of the hypophysis is but the beginning of the story 
After sexual maturity is attained there are hormones produced m the hy- 
pophysis that exert a profound effect on the gonads and are, therefore calied 
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The changes m the character of adult human vagmal epithelium at dif- 
ferent ph iscs of the menstrual cycle are not so clear-cut as arc the correspond- 
ing changes m the rodent The changes as indicated by smear preparations 
are, nevertheless, of a similar character As the time of ovulation approaches, 
there is a marked decrease m the number of white blood corpuscles appearing 
in smears along with the desquamated epithelial cells \Vhcn ovulation is 
imminent, the smears will often show keratinized epithelial cells with few or 



Fig 28 Vagmal changes occurring under influence of estrogenic hormone 
A-D, Sections of \agmal epithelium, X 200 (A) Newborn, (B) infant of two 
weel^ (C) sexually mature adult, (D) senile E— F, Vaginal smears from adult 
at different times in the ovulatory-menstrual cycle (Redrawn after Papanicolaou, 
Am J AnatjVol 52, SuppI , 1933 ) (E) Shortly after cess ition of menstruation, 
(F) at about the time ovulation is due to occur, (G) shortly after ovulation 

no leukocytes (Fig 28, F), much as they do in rodents In women, howe\er, 
there appears to be too much individual variability in the character of the 
smears to permit using the method with assurance as a basis for determining 
the precise time m the cycle when a particular patient ovulates 

Hormonal Regulation of Sexual Cycle From even a cursory sur\e> of 
the cyclical changes exhibited by the various parts of the female reproductive 
mechanism it is evident that the recurring changes must, m some manner, 
all be co-ordinated with each other Each organ has its part to play m repro- 
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of this follicular hormone into expenmental animals which have ceased to 
show estrous changes follouing complete ovariectomy will re-establish the 
typical estrous reactions It is, for this reason, often, spohen of as an estrogenic 
hormone ^ The significance of the increasing amount of this hormone which is 
mobilized as follicles become turgid with contained fluid and approach the 
time of rupture and discharge of npe ova is self-evident Events are timed m 
such a manner that the maximal amount of the hormone inciting to sexual 
activity IS present in the system at the time when fertilizable ova arc due to 
be liberated (Fig 29) 

Jollowmg the discharge of an ovum from a follicle, another team of 
hormones becomes active The luteinizing hormone from the anterior lobe 
of the pituitary causes the lining cells of the ruptured follicle to proliferate 
rapidly and to change their chemistry, with the resultant formation of the 
corpus lutcum The corpus luteum, m turn, under the additional stimulation 
of the lactogenic hormone, produces a hormone which acts on the uterus 
This hormone is known as progesterone, because it stimulates the mucosal 
lining of the uterus to undergo the changes preparing it for gestation (Fig 29) 
The interesting element of timing again appears conspicuously, for the chain 
of events which leads up to the preparation of the uterus to receive the embry'o 
was started when the follicle w’hich produced the ovum for fertihz«'ition first 
began to mature 

In the light of this sequence of events the time relations between ovulation 
md menstruation take on added significance If ovulation took place, say, 
on the thirteenth day of the menstrual cycle, ancl a fruitful coitus occurred 
at about the same time, it would take the fertilized ovum about 10 days to 
grow to such a condition that it could successfully implant itself in the uterine 
lining In this 10 days, under the influence of the corpus lutcum hormone, the 
uterine mucous membrane is becoming thickened, its glands arc becoming 
active, and its blood supply is becoming increasingly rich (Figs 23, 24, 29) 
It IS just when the uterus is in this premenstrual phase that it is ideally pre- 
pared to rcceiv e and embed a young embryo 

T. he hormone from the corpus lutcum appears to have another important 
physiological effect in addition to its influence on the uterus The injection of 
corpus luteum extract has been shown repeatedly to inhibit ovulation This 
effect is entirely consistent with the time relations between the maximal 
development of the corpora lutea of oiulation and the other events of the 
cycle Corpora lutea attain a marked degree of development and give every 
histological indication of active secretion a few davs after the rupture of the 
follicles from which they are formed They begin to exhibit retrogressive 
changes on microscopical examination at the time the succeeding menstrual 


V ^ chemicai substances which Itavc » s.mtlar phvsio 
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gonadotropic hormones to distinguish them from other hormones of hy- 
pophyseal origin which exert specific effects on other organs, such as tlie thyro- 
tropic and adrenocorticotropic hormones It is at present believed that there 
arc two gonadotropic hormones, one of which is called the follicle-stimulating 
hormone, and the other the luteinizing hormone (Fig 29) Laboratory 



parlance seems to have been corrupted by the alphabetical argot currently 
being applied to governmental agencies, for these hormones are commonly 
referred to as F S H and L H , respectively 

The foUicle-stimulatmg hormone appears to be concerned With activating 
successive crops of ovarian follicles to grow and mature And here appears 
another link in the chain of hormonal action, for when the follicles commence 
to enlarge they begin to produce a hormone which can be recovered from 
the liquor folhculi This hormone is «tradiot Injection of adequate amounts 
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after about 30 hours m the female genital tract, while their motthty lasts up 
to about two days Comparable data for human spermia are far less precise 
The best qualified opinion places their retention of fertilizing power at proba- 
bly about one to two days, with motility persisting for perhaps double that 
time 

It should be emphasized that these statements refer to sperm m the 
female genital tract The length of time sperm may remain ahvc and retain 
their ability to fertilize \ anes grcatl> under different environmental condi- 
tions In the epidid^TTiis and \ as deferens of the male, w here they remain non- 
motile, spermatozoa certaml> retain their full capacities for many da>s Their 
characteristic power of motility is aroused only when, at the moment of 
ejaculation, they are mixed with the secretions of the seminal \esiclcs, the 
prostate, and the bulbo-urethral glands That their length of life thereafter 
depends in large measure on the rale at which they expend their limited store 
of potential energy is clearly indicated by recent experimental work m arti- 
ficial insemination The motility of the spermatozoa m freshly ejaculated 
semen can be checked by chilling Under these conditions they do not im- 
mediately dissipate their a\ailablc store of energy Taking advantage of this 
fact, the semen of pedigreed stock has been shipped thousands of miles by air- 
plane and introduced into females by means of a syringe, with the successful 
production of offspring by what might be called “remote control of paternity ” 
Sperm Transport There still remains much to be learned about the 
manner in which the sperm itozoa make their way from the vagina through 
the uterus and the uterine tubes The spermatozoa themselves, of course, are 
actively motile, swimming m a fluid medium, tadpole fashion, at a rate 
variously estimated as between 1 5 and 3 mm a minute But without some 
directive stimuli the course of their locomotion is frequently changed and it 
seems exceedingly doubtful that their own movement alone would account 
for the arrwal of spermatozoa at the upper end of the uterine tubes as promptly 
as It IS known to occur m the case of certain experimental animals In the 
rabbit, for example spermatozoa have been found at the upper end of the 
uterine tubes three hours after coitus 

There is some evidence suggesting that spermatozoa tend to orient them- 
selves so that they move against a gentle current, thus exhibiting what 
students of animal behavior call a positive rhcotactic response But even 
as'^uming that the dow nvvard ciliary current in the uterus is an effectiv e orient- 
ing stimulus, as has been maintained by many workers, the time at which 
spermatozoa reach the o\ anan end of the tube is far too short to be accounted 
for on this basis Apparently muscular action of the uterus and uterine tubes 
plays an important part m the prompt arrival of spermatozoa at their destina- 
tion At the height of the sexual orgasm in the female there are spasmodic 
contractions of the smooth muscle of the vagina and uterus There is some 
evidence indicating that these contractions may immediately draw some of 
the freshly deposited semen from the vagina into the uterus While this may 
ordinanlv be an accelerating factor m sperm transportation it certainly is 
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period IS due to appear, and they have decreased visibly m size by the time a 
new gi oup of follielcs approaches maturity Such findings point to the corpora 
lutca of ovulation as the source of a hormone which acts as an antagonist to 
the follicIc-stimulating hormone from the anterior lobe of the hypophysis, 
thus holding m check the development of the nc\t group of follicles until a 
period of rest has been enforced 

The events in the sexual cycle have been presented in the barest outline, 
and with the avoidance, as far as possible, of the many still unsettled points 
which make this one of the most intriguing fields of current biological inv cstiga- 
tion Even this brief sketch, however, should make it apparent how beautifully 
co-ordinated a mechanism is involved So far, we have looked only at the 
senes of changes as they recur m anticipation of pregnancy Otoilation is the 
critical event in relation to which all the other cyclical changes arc timed 
When an ovarian follicle ruptures, liberating an ovum ready for fertilization, 
all the other organs are prepared to play their essential rfiles if the o\um is 
fertilized 


FERTILIZATION 

There is perhaps no phenomenon in the field of biology tliat touclics so many fundamental 
questions as the union of tlie germ cells in the act of fertilization, m this supreme event all the 
strands of the webs of two lives are gathered in one knot, from which the> diverge ngain and 
are rewoven in a new individual life hisioiV The elements that unite arc single cells, 
each on the point of death, but by their union a rejuvenated individual is formed, which 
constitutesahnkmtheetcrnalprocessionofLifc — F R LitUE,in“Problemsofrcrulization ” 

Sperm Viability There are many critical events intervemng between the 
formation and liberation of mature gametes and their final fusion m fertiliza- 
tion The immediate result of coitus is the deposition of semen m the vagina 
{insemination) Thence the spermia must make ihcir way through the uterus 
and into the upper part of the uterine tubes where fertilization ordinarily 
takes place In comparison with the size of the spermia, the distince they 
must travel is great, and the route may be beset with chemical hazards in the 
form of abnormally strongly acid secretions or mechanical obstacles such as a 
crooked and compressed cervical canal or uterine tubes narrowed or occluded 
by disease The enormous numbers of spermia contained in an ejaculate of 
semen (on the average m the neighborhood of 200,000,000) makes it probable 
that some of them will reach the oviduct while they are still capable of pene- 
trating and fertilizing the ovum 

There has been, and still is, much misinformation current as to the feats 
of travel and length of life of spermatozoa The present state of our knowledge 
does not justify any too dogmatic statements as to the exact length of time 
that human spermia retain their motility — ^and, more important, their fertiliz- 
ing power — but both of these periods are certainly much shorter than formerly 
believed Persistence of motility used to be regarded as indicative of fertilizing 
capacity "We now know that motiUty lasts much longer than the capacity of 
carrying out fertilization In the case of the rabbit, for eitample, we have good 
experimental evidence that the spermatozoa lose their ability to fertilize 
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thickened and less readily penetrated, coincidently, the remaining spcrmia 
appear to lose their directive activity, and soon only scattered ones remain 
in the neighborhood of the fertilized ovum That this change is due to the 
fertilization of the ovum and not to loss of activity on the part of the spermia 
may be demonstrated readily by adding unfertilized ova to the dish and 
watching them fertilized by the sperm cells m question 

Only the head of the spermium (which is almost entirely condensed 
nuclear material^ and the neck (containing the centrosomal apparatus) enter 
the ovum The tail is dropped off at the time of penetration (Tig 30, B) 
Once within the ovum, the nuclear material contained in the head of the 



Fig 30 Diagrams schematicall> illustrating process of fertilization and for- 
mation of the first cleavage spindle (After William Patten ) As in Fig 19, the 
species number of chromosomes is assumed to be eight 

AbbraialioTis sp , spermium, p c , polar cell (polar body) The male and 
female symbols designate the male and female pronuclei respectively 

spermium loses its condensed form and begins to show its chromosomal con- 
tent In this condition it is known as the male pronucleus (Fig 30, C) 

Generally, m mammals, the first maturation division of the ovum occurs 
at just about the time the ovum is liberated from the ovary, and the second 
maturation division is likely to be delayed until the ovum has been pene- 
trated by a sperm cell Once penetration of the ovum has occurred, however 
events move rapidly, and by the time the male pronucleus has been formed 
the second maturation division of the ovum has been completed The 
reduced nucleus of the ovum is then knovm as the female pronucleus Fertili- 
zation can be said to have occurred when the chromosomes from the male 
and female pronuclei become aggregated together (Fig 30 E F) As each 
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not an indispcmable one for there arc innumerable well-authenticated eases, 
both clinical and experimental, of pregnancy occurring in the absence of 
orgasm on the part of the female In such instances the entrance and 
traversing of the uterus must depend primarily on the activity of the sperma- 
tozoa themselves 

Mention has already been made of the heightened muscular activity of 
the tubes at the time of ovulation On the basis of recent studies it seems 
probable that this increased activity is important m sperm transportation as 
well as in the journey of the ova toward the uterus Careful observation of 
the activity of surgically exposed tubes m living experimental animals indi- 
cates that temporary rings of contraction tend to div idc the tube into a senes 
of compartments At any given moment in any compartment, the downward 
beating cilia along the outer walls tend to create also central back eddies 
In such currents and counter-currents the spermatozoa in the lumen of the 
tube would be scattered rapidly throughout the area between two adjacent 
contraction rings When the zones of contraction relax at one level and form 
at another, some spermatozoa would be crowded back toward the uterus but 
others would find themselves in a new compartment nearer the ovary The 
formation and reformation of such compartments by temporary rings of 
contraction at shifting levels would rapidly disperse the spermatozoa through- 
out the length of the tube 

Union of Gametes The growth, the maturation, and all the factors 
leading toward the meeting of the male and female sex cells arc but pre- 
liminary to their actual fusion It is the penetration of the ovum by a sperma- 
tozoon and the resultant mingling of the nuclear material each brings to the 
union that constitutes the culmination of the process of JertiUzntion and marks 
the initiation of the life of a new individual Direct observations of the actual 
union of the gametes m mammals have been few and fragmentary Neverthe- 
less, interpreting these observations m the light of the much more detailed 
information available from the study of water-living forms where fertiliza- 
tion normall> occurs outside the body of the mother, it is possible to piece 
out a fairly circumstantial story of the mam events 

Assuming that the coitus of healthy individuals occurred near the time 
of ovulation, it would be but a matter of a few hours before the ovum entering 
the fimbriated end of the utenne tube would be surrounded by large numbers 
of active spermatozoa However great the numbers present, normally only a 
single spermatozoon enters the ovum (Fig 30 A) As soon as it has been 
entered by a sperm cell an ovum appears to undergo immediate changes which 
tend to prevent other spermia in its neighborhood from penetrating it This 
phenomenon may readily be observed in many marine forms where fertiliza- 
tion can be carried out invH dish of sea water under the microscope When the 
spermia are first introduced into a dish containing ova one sees swarms 
of them surrounding each ovum Even the relatively enormous bulk of th« 
egg cell may actually be set in rotaUon by their combined activity Abruptly, 
when one spermmm has penetrated the ovum, its surface membrane becomes 
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of chromosomes, making a species number of 48 We can say that the male 
chromosomal number is 23 pairs of sumlar somatic chromosomes plus a 
twenty-fourth dissimilar pair composed of an X and a Y chromosome, and 
that the female chromosomal number is 23 pairs of somatic chromosomes plus 



Tio 31 Schematic diagram showing separation of the mem- 
bers of the sex chromosome pair in maturation, and their recom- 
binations m fertilization It is assumed that the species number of 
chromosomes is eight and that it is the male which produces 
gametes of different potentialities with regard to sex determina- 
tion The sex chromosomes are stippled, other chromosomes are 
drawn in solid black 

a twenty-fourth balanced pair consisting of an X chromosome associated 
w ith another X chromosome in the place where the male showed a small Y 
chromosome 

Careful studies of maturation have yielded the clue as to how this sex 
difference in chromosomal pattern comes about and is maintained In the 
synapsis which occurs m the maturation divisions, the two members of the 
sex chromosome pair, as is the case with any other chromosomal pair, will 
be found associated with each other In the reduction division which sepa- 
rates the members of the chromosomal pairs in the spermatocytes of the male 
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pronuclem contributes half the species number of chromosomes, the full 
species number of chromosomes is re-established in the fertilized ovum 

During the period between the penetration of the ovum by the spcrmmm 
and the mingling of the chromosomes from the two pronucici, a mitotic 
spindle has been forming from the ccntrosomal apparatus brought in by the 
spcrmium (Fig 30, C, D) On this spindle the chromosomes contributed by 
both parents become arranged preparatory to the first mitotic division in the 
growth of the new individual (Fig 30, E, F) This first cell division ordinarily 
follows closely after the fusion of the pronucici, but the mechanism of activa- 
tion IS exceedingly complex and its precise nature remains unknown There 
IS evidently far more than the mere union of male and female pronucici 
involved, for in some of the lower animals having gametes which lend them- 
selves readily to experimental procedures, spermatozoa can be made to start 
division in the cytoplasm of eggs from which the nucleus has been removed 
In other instances a spermatozoon, the nuclear material of which has been 
fatally damaged by exposure to radium, may still penetrate an ovum and 
cause It to start dividing Furthermore, the ova of many of the lower forms 
of animals can be made to develop m the absence of spermatozoa by appropri- 
ate mechanical or chemical stimulation — a process known as artificial par- 
thenogenesis As a rule, however, m such eases development seems to lack its 
normal vigor and to proceed but a short way The impetus to the initial cell 
division is present but the full parental contribution necessary for the mainte- 
nance of vigorous normal growth is lacking 

Sex Determination Probably no embryological question lias been the 
subject of so much conjecture as sex determination From time immemorial, 
theory after theory purporting to explain why this embryo became a male 
and that one a female has been advanced, only to be discredited Under such 
circumstances, one naturally becomes exceedingly cautious in discussing any 
theory in this field At the present time, however, there is so much interest 
in the chromosome theory of sex determination that anyone who would 
consider himself well informed biologically must be familiar with it, regardless 
of Its ultimate fate 

In discussing maturation, it was stated that the chromosomes present m 
the cells of a species could be arranged in pairs, the members of which were 
alike (Fig 21, A) In a male individual, however, one pair of chromosomes 
IS an exception m that its members are strikmgly unld.e (see the pair at the 
extreme right in Fig 21, A) The members of this pair are called the “X” 
and “Y” chromosomes Although our knowledge is as yet fragmentary and 
unsatisfactory, there is sufficient evidence indicating that the X-Y pair of 
chromosomes is associated with the determmation of sex, so that they are 
commonly referred to as “the sex chromosomes ” If the cells of a female indi- 
vidual are examined with reference to this peculiar pair of chromosomes, we 
find instead of the large X and the small Y members characteristically 
appearing m the male that the female has two large X members We can then 
amplify our previous statement that the cells of human beings have 24 pairs 
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Cleavage, Germ Layers, and Establishment 
of Embryonic Body 

CLEAVAGE 

Fertilization precipitates m the ovum a senes of cell divisions which follow 
one another in close succession The way in which these so-called cleavage 
divisions are carried out vanes in different groups of animals in correlation 
with the amount of yolk stored in the ovum as food material for its growth 
needs The yolk, being nonliving and inert, plays no active part in cleavage, 
which must be earned out by the living protoplasmic portion of the cell, but 
it does exert a local retarding effect by the mechanical impediment it offers 
to the process Consequently, in such eggs as those of amphibians or birds 
where the yolk content is large, its presence complicates the pattern assumed 
by the daughter cells during cleavage In the ova of all the higher mammals 
the amount of stored food material is exceedingly small, correlated with the 
fact that the embryo at an early stage in its development draws upon the 
uterine circulation of the mother for its nutrition For this reason, the cleavage 
of mammalian ova reverts to the simple (holoblastic) type seen in very primi- 
tive forms having ova with a scanty and uniformly distributed (isolecithal) 
yolk content (Fig 32) 

Cleavage in Primate Ovum Although the cleavage stages of the human 
ovum have not as yet been observed, there is every reason to believe that they 
differ in no essential from the corresponding stages in other mammals with 
similarly organized ova In fact, in all the higher mammals so far studied, the 
cleavage pattern is strikingly similar The cleavage divisions in the monkey 
ovum, recently studied m great detail in living eggs reared by tissue-culture 
methods, probably parallel very closely the corresponding stages in man, and 
have, therefore, been used to fill this gap in our direct knowledge of the earliest 
steps in human development 

In dealing with a spheroidal cell such as an ovum, some criterion of orien- 
tation IS most helpful Ova which have a large amount of yolk aggregated at 
one pole offer no difficulty m this respect The pole at which the yolk is con- 
centrated may be designated as the “vegetative pole,” and the opposite pole, 
where the nucleus and most of the unmodified cytoplasm he, may be called 
the “animal pole ” No such clearly marked polarity exists in the ova of the 
hig er mammals because the stored food material is minimal m amount 
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the X chromosome must inevitably go to one cell and the Y chromosome to 
another In the equation division each daughter cell will give rise to another 
cell precisely like itself as to chromosomal content So the end-result of the 
two maturation divisionsof each primary spermatocyte is the production of two 
spermatozoa having 23 somatic chromosomes plus an X chromosome, and 
two which have 23 somatic chromosomes plus a Y chromosome Since in all 
the cells of the female there is an X-X combination, m the reduction division 
which occurs in the maturation of the ova one of the X chromosomes must go 
to the polar body and one to the maturing ovum, so the chromosomal formula 
for all ova will always be 23 somatic chromosomes plus an X chromosome 
When an ovum ready for fertilization is surrounded by swarms of sperma- 
tozoa, half of which have one chromosomal pattern and half another, it is 
obvious that there are equal chances as to which of the two types will be the 
one first to penetrate the ovum If it is a sperm cell carry mg an X chromosome, 
fertilization will establish m the zygote the X-X combination characteristic 
of the female If, on the other hand, the successful sperm cell carried a Y 
chromosome, the X-Y combination characteristic of the male would result 
If, for the sake of simplicity in diagramming, we use germ cells from an animal 
having a species number of only eight chromosomes, the essential happenings 
as postulated by the chromosome theory of sex determination may be sche- 
matically summarized as indicated in Fig 3! 

Perhaps the fairest way to assess this particular theory as to the determma 
tion of sex is to say that at the present time it accords with more of the known 
facts than any other theory We must recognize, however, that as yet we know 
practically nothing as to the mechanism by which the characteristically dif- 
ferent chromosomal pattern present in the two sexes may operate There is 
some indication that the chromosomal combination established at the time of 
fertilization may provide merely the initial impetus toward sexual differentia- 
tion in one direction or the other, and that the action certain internal en- 
vironmental factors may be important in bringing about full differentiation 
From the standpoint of dealing with patients seeking advice as to the possi- 
bility of the control of the sex of their offspring, it is clear that only one honest 
answer is possible So far as is known, the matter of the sex of a child is fortui- 
tous and IS entirely beyond our power to control m any manner no^v known 
To promise to influence the issue is to place oneself m company with the 
medicine men of primitive tribes, or to brand oneself as a charlatan 
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Cleavage, Germ Layers, and Establishment 
of Embryonic Body 

CLEAVAGE 


Fertilization precipitates in the ovum a series of cell div isions which follow 
one another m close succession The way in which these so-called cleavage 
divisions arc carried out varies m different groups of animals in correlation 
with the amount of yolk stored m the ov um as food material for its growth 
needs The yolk, being nonliving and inert, plays no active part m cleavage, 
which must be carried out by the living protoplasmic portion of the cell, but 
It does exert a local retarding effect by the mechanical impediment it offers 
to the process Consequently, m such eggs as those of amphibians or birds 
where the yolk content is large, its presence complicates the pattern assumed 
by the daughter cells during cleavage In the ova of all the higher mammals 
the amount of stored food material is exceedingly small, correlated with the 
fact that the embryo at an early stage in its development dravss upon the 
uterine circulation of the mother for its nutrition For this reason, the cleavage 
of mammalian ova reverts to the simple (holoblastic) type seen in very primi- 
tive forms having ova with a scanty and uniformly distributed (isolecithal) 
yolk content (Fig 32) 


Cleavage in Primate Ovum Although the cleavage stages of the human 
ovum have not as yet been observed, there is every reason to believe that they 
differ in no essential from the corresponding stages m other mammals with 
similarly organized ova In fact, m all the higher mammals so far studied, the 
cleavage pattern is strikingly similar The cleavage divisions in the monkey 
ovum, recently studied in great detail m living eggs reared by tissue-culture 
methods, probably parallel very closely the corresponding stages m man, and 
have, therefore, been used to fill this gap in our direct knowledge of the earliest 
steps in human development 


In dealing with a steroidal cell such as an ovum, some criterion of orien- 
tation IS most helpful Ova which have a large amount of yolk aggregated at 
one pole offer no difficulty in this respect The pole at which the yolk is con- 
centrated may be designated as the “v. getaUve pole ” and the opposite pole 
where the nucleus and most of the unmodified cytoplasm he, may be called 
the animal pole No such dearly marked polantv exists in the ova of the 
higher mammals because the stored food material is minimal in amount 
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and fairly uniformly distributed as minute lipoid droplets in the cytoplasm 
The point at which the polar bodies arc liberated is, however, probably 
homologous with the so-called “animal pole” of heavily yolked eggs, and may 
be used to serve as an orientation point in discussing the planes of the early 
cleavage divisions 

In mammals, as is the case with surprising uniformity throughout the 
animal kingdom, the mitotic spindle of the first cleavage division forms at 
right angles to an imaginary axis passing through the ovum from animal to 
vegetative pole The plane of separation between the resulting blastomeres, as 



Fig 32 Cleavage in an egg having but i small amount of > oik m the cyto- 
plasm (After William Patten ) Note that the blastomeres are separated from 
each other promptly and completely 


the daughter cells are called, lies in the equator of the spindle, and therefore 
coincides with the imaginary axis of the ovum as established by the point at 
which the polar bodies were liberated (Fig 32, B, C) 

Mitotic spindles for the second cleavage divisions are formed m the first 
two blastomeres shortly after their establishment One of the blastomeres 
usually divides a little sooner than its mate, so there is a transitory three-cell 
stage (Fig 33, B) before the characteristic four-cell stage is reached The 
spindles for these second divisions form at right angles to the first and to 
each other, so that the characteristic four-cell stage has the configuration of 
crossed dumb-bells (Fig 33, G) 

Further cleavage divisions follow one another in an orderly senes, but 
m less precise orientation So rapid is their succession that the growth interval 
which ordinarily supervenes between succeeding mitoses is curtailed In conse- 
quence, there is at first no growth in the cell mass as a whole and the mdi- 
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Fig 33 Photomicrographs (X 300) of living monkey ovum showing its cleavage 
divisions (After Lewis and Hartman, Carnegie Cent to Emb , Vol 24, 1933 ) The 
fertilized ovum was washed out of the tube, cultivated in plasma, and its growth 
changes recorded as micromovmg pictures The illustrations are enlargements from 
single frames of the film A, Two cell stage, about 29^^ hours after ovulation B, 
Three-cell stage, about 36^^ hours after ovulation C, Four-cell stage, about 37^^ 
hours after ovulation D, Five-cell stage, about hours after ovulation, E, Six-cell 
stage, about 49 hours after ovulation F, Eight-cell stage, about 50 hours after ovula- 
tion (A seven-cell stage lasting but three mmutes intervened between the six- and 
cight-cell stage ) 
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and fairly uniformly distributed as minute Iipoid droplets m the cytoplasm 
The point at which the polar bodies are liberated is, however, probably 
homologous with the so-called “animal pole” of heavily yolked eggs, and may 
be used to serve as an orientation point m discussing the planes of the early 
cleavage divisions 

In mammals, as is the case with surprising uniformity throughout the 
animal kingdom, the mitotic spindle of the first cleavage division forms at 
right angles to an imaginary' axis passing through the ovum from animal to 
vegetative pole The plane of separation between the resulting blashmeres, as 



Fig 32 Cleavage m an egg having but a srmll amount of yolk in the cyto- 
plasm (After William Patten ) Note that the blastomcres arc separated from 
each other promptly and completely 


the daughter cells are called, lies m the equator of the spindle, and therefore 
coincides with the imaginary axis of the ovum as established by the point at 
which the polar bodies were liberated (Fig 32, B, C) 

Mitotic spindles for the second cleavage divisions are formed in the first 
two blastomeres shortly after their establishment One of the blastomcres. 
usually divides a little sooner than its mate, so there is a transitory three-cell 
stage (Fig 33, B) before the characteristic four-cell stage is reached The 
spindles for these second divisions form at right angles to the first and to 
each other, so that the characteristic four-cell stage has the configuration of 
crossed dumb-bells (Fig 33, C) 

Further cleavage divisions follow one another in an orderly senes, but 
in less precise orientation So rapid is their succession that the growth interval 
which ordinarily supervenes between succeeding mitoses is curtailed In conse- 
quence, there is at first no growth m the cell mass as a whole and the mdi- 
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vidual blastomercs after each succeeding division become smaller and smaller 
(Fig 33, A-F) Since the zona pcilucida persists intact throughout the period 
of cleavage, the blastomercs arc forced to dispose themselves within its 
spheroidal cavity After several cleavage divisions have taken place, the result- 
ant blastomercs appear much like a solid ball of cells suggestive of a mulberry 
The embryo in this condition is said to be m the morula, i c , “little mulberry,” 
stage (Fig 34, A) 

DIFFERENTIATION OF BLASTODERMIC VESICLE 

After a characteristic morula has been formed, the term cleavage is not 
ordinarily applied to the cell divisions which occur The implication should 
not be drawn that cell division ceases or even that it is retarded in rate On 
the contrary, it continues with unabated rapidity But processes of segregation 
and differentiation, even thus early, begin to make their appearance, and the 
term cleavage, which implies merely an increase in cell numbers through 
repeated cell divisions, ceases adequately to characterize the processes of 
regrouping and divergent specialization which now begin to make then* 
appearance While each cell division seems to pass on to each daughter cell 
a scrupulously divided share of the chromatin which ivas the dowry of the 
fertilized ovum from the parents, subtle sorting-out processes are already at 
work “To say that the daughter cells make an uneven division of their heri- 
tage is, of course, a crude way to state it To say anything more precise at the 
present time would be highly speculative” (Streeter, 1931, p 497) But, as 
we trace development beyond the cleavage stages, the regroupings of special- 
ized cell masses which unfold into definite organs testify to the enistence of a 
sortmg-out process we can not as yet analyze 

When the blastomercs of a morula begin to be rearranged and organized 
about a central cavity (Fig 34, B-E), we say that the morula is becoming a 
blastula or that the embryo is entering the blastodermic vesicle stage ^ It is 
during this phase of development that the restraining zona pellucida disin- 
tegrates and the rapid growth of the embryo m size first begins The newly 
formed central cavity is called the segmentation cavity or blastocele (Figs 34, 
C-E, 35, A-C) The large size of the blastocele in mammalian embryos of 
this age has a dual significance Phylogenetically, this now fluid-filled space 
represents the place where ancestral types carried a dowry of food m the 
form of yolk Ontogenetically, as we so often see in embryology, the outgrown 
plan persists and is adapted to new conditions The yolk space is retained and 
increased in size as more and more fluid accumulates within it, thereby ex- 
panding the outer layer of the blastocyst into a voluminous membrane which 
later becomes a means of drawing food for the yolkless embryo from the 
uterine circulation of the mother For this re^lson, the layer of cells which con- 

* Terms designating “stages of development are convenient m discussing the progress of events 
and the relative uniformity which has gradually been established in their usage is a great aid to 
mutual understanding It should be borne in mind however that the delimitation of ‘ stages is 
purely arbitrary, for de\ elopment u a continuous process and one phase merges into another without 
any real point of demarcation- 
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occurs during the journey of the ovum through the tube to the uterus The 
minuteness of the newly fertilized ovum makes its recovery from among the 
folds of the tubal lining cvcecdingly difficult In animals, excision of the tube 
followed by its irrigation and a search of the washings under a binocular 
microscope frequently leads to the recovery of the ov um Recently human ova 
have been recovered by a. modification of this technic m which the uterine 
tube was washed out in the course of a pelvic operation, by means of a stream 
of sterile saline solution from a syringe inserted into the uterine lumen Un- 
fortunately, none of the few human ova thus recovered have been in the 
cleavage stages, all of them have been unfertilized ova in which signs of 
degeneration were already evident 

The formation of the blastodermic v csicle occurs m the uterus before the 
embryo is attached to the uterine lining Recovery of embryos from the uterus 
during this phase of their development presents the same sort of diflicultics 
as their recovery from the uterine tubes Once an embryo has attached itself 
in the uterine mucosa the chances for its recoverv' are increased In the 
monkey, it is known definitely that the embryo is just attaching itself to the 
surface of the mucosa on the ninth day, and that the burrowing of the embryo 
into the uterine mucosa follows rapidly within the next 20 to 30 hours As y'ct 
there is little available human maiernl showing the early phases of implanta- 
tion The exceptionally well preserved young human embryos secured reccntlv 
by Hertig and Rock arc our best source of information Regrettably their 
youngest specimens were not available in time to be illustrated m this chapter 
In the light of the careful clinical histones available in connection \sith them, 
It would appear that human implantation probably occurs on the 8th day 

FORMATION OF GERM LAYERS AND 
ESTABLISHMENT OF EMBRYONIC BODY 

tn dealing with the structure of embryos m the state of development of 
the earliest human embryos, before familiar body landmarks and organs 
appear, it is helpful to analyze them in the terms of the three primary germ 
layers These layers are (1) the ectoderm, which, as its name implies, forms 
the outer covering of the embryo, (2) the entoderm which lies deep to the 
ectoderm and forms the lining of the primitive gut cavity, and (3) the meso- 
derm, which develops between the ectoderm and entoderm In the voungest 
known human embryos these germ layers are already partially differentiated 
To understand their relations, therefore, we must again have recourse to 
conditions in other mammals Such an approach would undoubtedly be desir- 
able even if a complete senes of young human embryos were available, for 
the fragmentary material at our disposal clearly indicates that the germ 
layers m man arise in a much abbreviated manner To speak figuratively 
It IS as if the human embryo, realizing the longer path of differentiation it 
must trav el, impatiently hurries through these early stages m its development 
Once established, however, the general scheme of arrangement of its germ 
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stitutcs the outer wall of the blastocyst is called the Iroplwblast or InbhectoJirm 
(Fig 35, C) 

In the formation of the distended blastodermic vesicle an internal cluster 
of cells IS established at one pole This, for want of a better term, has been 
called the ‘'mner cell mass" (Fig 35) Although it can not he earned through in 
all details, the general distinction may be made that the inner cell mass is 
destined to be concerned primarily with the formation of the embryonic body. 



Fre 35 Three stages of the blastodermic vesicle (blastocyst) of the 
pig, drawn from sections to show the formation of the inner cell mass 
A, B, From embryos in the Carnegie Collection, G, after Comer — all 
X 375 (A) Removed from uterus of sow four and three fourths days 
after copulation (B) Copulation age six days, one and three-fourth 
hours (C) Copulation age, six days, 20 hours 

wKereas the thin outer wall of the blastodermic vesicle contributes, not to the 
make-up of the embryo, but to the formation of protective and trophic mem- 
branes which are developed into the fetal part of the placenta 

As was the case with the cleavage stages, the early blastodermic vesicle 
stages have not been observed m human material Nevertheless, the funda- 
mental similarity of these stages in all the other mammals m which they have 
been studied makes reasonable the inference that the human blastula stages 
would closely parallel those used as a basis for the foregoing outline of this 
phase of mammalian development The reasons for the failure to secure 
human embryos of such ages are quite obvious Fertilization normally takes 
place m the uterine (Fallopian) tube near its fimbriated end, and cleavage 
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appearance and soon come to constitute a second complete layer inside the 
original outer layer of the blastocyst (Fig 36, B, C) The internal lumen 
bounded by the entoderm is known as the prtmtUie gut {archentfron) At a later 
stage we shall see folding processes separate this primitn e gut into a portion 




Fig 37 Longitudinal sections of the embrjomc disk of the pig during 
the ninth da> of development showing three stages in the origin of the mestS 
tom (Projection drawings (X 225) from secuons of embryos in the Carnegie 


inclosed within the embryonic body to form its got tract, and a distal sac 
communicating with the embry omc gut mid-ventrally and known as the y olk- 
SL r'f IP "''" 11 "'“'' f *<= emigratton of the Lto- 
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layers is fundamentally the same m plan as that exhibited by more primiinc 
forips 

Of the mammalian forms which might be used as an aid to interpreting 
conditions in young human embryos, the pig is perhaps as useful as any 
Exceptionally complete senes of young pig embryos have been collected and 
the material has been critically studied Moreover, in the pig the early stages 
in the formation of the germ layers and (he cxtra-cmhryonic membranes are 



Fic 36 Sections of pig blastocysts shomng the first appearance and sub- 
sequent rapid extension of the emoderni (From cmbr)OS in the Camegie CoHec- 
tion ) {tefl) Detailed drawings of inner cell mass, X 375 Sl».etches of 

same sections entire The approKimafc age of the embryos represented ranges 
from seven to eight days 

carried out in more leisurely fashion and with less telescoping of one process 
into another than is the case in many other mammalian types Let us, there- 
fore, digress for the moment from young human embryos, and try to acquire 
some collateral information which should be of assistance m understanding 
their structure 

Formation of Entoderm Hie blastodermic vesicle of the pig looks much 
hke that of the rabbit (t-f Figs 34, 35) Shortly after the vesicle has become 
conspicuously enlarged, some of the cells become detached from the inner cell 
mass and push out into the bUstoceIc (Fig 36, A) These are the first of the 
entoderm cells They are increased m uuiabers very rapidly after their first 
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Fig 38 Diagrams shelving origin, extension, and early differentiation of the 
mesoderm in a series of pig embryos ranging from about the ninth to the fifteenth day 
of development (After Streeter, slightly modified ) 

In each illustration the embr>o is supposed to be viewed in dorsal aspect as a 
transparent object Except for outlining the embryonic area, only mesodermal 
structures are represented The area indicated b> heavy horizontal hatching in A is 
the thickened part of the embryonic disk from which mesoderm is first prolfferated 
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Formation of Mesoderm and Origin of Primitive Streak Not long after 
the entoderm is established, a local differentiation occurs m the embryonic 
disk which prciAgcs the formation of the mesoderm Sections through the disk 
show at one part of its margin a heightened rate of cell proliferation accom- 
panied by a definite increase in thickness (Fig 37, A, B) Interpreting this 
thickening in the light of later developments, it is possible for us to say that 
Its appearance definitely establishes the longitudinal axis of the embryo The 
thickening occurs at the part of the disk which is destined to become dif- 
ferentiated into the caudal end of the embryo 

In dorsal views of an entire embryo the thickened area when it first 
appears is crescentic m shape, with its convexity indicating the caudal ex- 
tremity of the embryonic disk, and its horns spreading out over the greater 
part of the caudal half of the margin of the disk (Fig 38, A) At this stage of 
development the embryonic disk apparently undergoes rapid concrescence 
caudally That is, while the anterior margin of the disk is spreading out 
radially in a manner typical of uniform rate and unspeciahzcd direction of 
growth, the posterior margins grow at an accelerated rate toward a point of 
convergence at the caudal extremity of the disk (See arrows m Fig 38, B ) 
This tends at the same time to lengthen the embryonic disk ccphalocaudally 
and to crowd the thickened area more toward thcmid-lme Further progress 
of this convergent differential growth changes the originally crescentic thick- 
ened area of the embryonic disk to an ova! (Fig 38, D), and then pulls it out 
into a band lying in the long axis ofthc embryo (Fig 38, E-G) This thickened 
longitudinal band is known as the primitive streak Those who have a back- 
ground of comparative embryology will recognize the thickened, mesoderm- 
proliferating crescent which is reshaped by concrescence into the primitive 
streak as the homologuc of the fused lips of the blastopore of more primitive 
forms 

The change in shape and position undergone by the originally crescentic 
area of the embryonic disk from which the first mesoderm cells arise m no 
way retards its activity as a growth center We find this area, throughout its 
transformation and later when it has become the primitive streak, still a 
region of rapid proliferation from which newly formed mesoderm cells are 
constantly being pushed out It seems not unlikely that the formation of the 
depressed area along the center of the pnmitixe streak which is known as the 
primitive groove is a local structural modification entailed by the rapid 
lateral emigration from this region of cells which are being added to the 
expanding sheets of mesoderm (Fig 39, E) 

Formation of Notochord Intimately associated with the formation of the 
general mass of the mesoderm is the origin of an axially located cylindrical 
mass of cells known as the notochord The notochord, both phylogenetically 
and ontogenetically, is of great morphological importance In the most primi- 
tive of the vertebrate group it is a well-dcv eloped fibrocellular cord lying directly 
ventral to the central nervous system and constituting the chief ixiai sup- 
porting structure of the body In fishes such as those of the shark family 
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Fig 38 Diagrams showing origin, extension, and early differentiation of the 
mesoderm in a series of pig embryos ranging from about the ninth to the fifteenth day 
of development (After Streeter, slightl) modified) 

In each illustration the embr>o is supposed to be viewed in dorsal aspect as a 
transparent object Except for outlining the embryonic area, only mesodermal 
structures are represented The area indicated by heav^ horizontal hatching m A is 
the thickened part of the embryonic disk from which mesoderm is first prol&rated 
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(elasmobranchs), ringhkc cartilaginous vertebrae arc formed about the noto- 
chord Although somewhat compressed where the vertebrae encircle it, the 
notochord persists m such forms as a well-defined continuous structure extend- 
ing throughout the length of the vertebral column When, m the progress of 
evolution, cartilaginous vertebrae arc replaced by more highly developed 
bony vertebrae, the notochord is still more compressed But even in the higher 
mammals a minute canal in the centra of the vertebrae still remains to mark 
Its existence, and the central portion of the nucleus pulposus of the inter- 



the entire embryo at the left, and on the draumg of the sagittal section above 
In this and in many of the subsequent figures which represent sections of young 
embryos the interrelations of the primary germ layers arc emphasized by the use 
of distinctive conventional shading In this scheme the ectoderm is closely 
hatched, the coherent layers of the mesoderm arc represented m solid black, and 
scattered mesenchymal cells arc shown as coarse angular dots In younger em- 
bryos the entoderm is represented as a fine line bordered by a row of round dots, 
as in this illustration and in Figs 49, 70 In older stages the entodcrmal lining 
of the gut tract becomes sufficiently thickened so that it is preferable to 
represent it by suggesting the columnar character of its cells (See, for example, 
Figs 56, 69 ) 

vertebral disk is clearly a notochordal remnant In the early stages of develop- 
ment, the notochord of a mammalian embryo is a conspicuous structure, at 
once a record of evolutionary history and an advance indication of the loca- 
tion of the vertebral column 

Embryologically, the notochord in all the higher vertebrates arises m 
essentially the same manner The cells of which it is composed take their 
origin from a thickened mass of rapidly proliferating cells (Henseti’s node) at 
the anterior end of the primitive streak Pushing cephalad from this growth 
center these cells become molded into a characteristic rod-shaped mass situ- 
ated medially m the growing embryo The sheetlike masses of mesoderm 
arising from the primitive streak, m their peripheral spread, seem to leave a 
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temporarilv vacant area just cephalic to the primitive streak, and it is into 
this unoccupied area that the notochord grows (Hgs 38, G, H, 39, A, D) 
There has been some divergence of views among embryologists as to the 
interpretation to be placed on the origin of the notochord A book of this type 
does not seem the place to enter into such controversies which arc deeply 
rooted in comparative embryology Suffice it to say that, with due recognition 
of the existence of alternative views, the notochord will m this text be treated 
as belonging with the mesoderm This is logical and convenient on the basis 
of Its position between cctoaerm and entoderm, its supporting function in the 
body, and its intimate association with the connective tissues Turthermorc, 
Its origin as an outgrowth from Hensen’s node is quite m line with the origin 
of the rest of the mesoderm Hensen’s node is essentially a knot of rapidly pro- 
liferating cells at the cephalic end of the primitive streak The mesoderm, it 
will be recalled, is derived from the rapidly proliferating mass of cells at the 
caudal end of the embryonic disk which becomes reshaped to form the primi- 
tive streak, and, after this reshaping, continues to push out more mesoderm 
cells into the layers already started The notochord arises from the cephalic 
part of this same mass of proliferating cells and grows, as docs the rest of the 
mesoderm, between ectoderm and entoderm It differs m origin from the rest 
of the mesoderm only m starting a little later m point of time and being more 
circumscribed in its growth direction and more definite m shape and extent 
Growth and Early Differentiation of Mesoderm During the time in 
which the notochord is being formed, the mam mass of the mesoderm con- 
tinues to spread out peripherally from the primitive streak and soon extends 
far beyond the region of the embryonic disk We then distinguish that pan of 
the mesoderm underlying the embryonic disk as mtra-embryonic and tliat 
part of it which extends peripherally to line the blastodermic vesicle and to 
reinforce the amnion and the yolk-sac as extra-embrvonic This distinction is 
one of convenience m description, but, as applied to very young embry'os, it 
IS entirely arbitrary, for there is at first no line of demarcation between the 
two areas It is helpful, however, to realize at the outset that these peripheral 
layers of the mesoderm — together with the trophoblast, the amniotic ecto- 
derm, and the yolk-sac entoderm — go into the fabrication of protective and 
trophic membranes which envelop the growing embryo The fact that they 
are not incorporated m the embryonic body but discarded at the time of birth 
IS implied in their designation as extra-embryome membranes 

The rapidly growing mesoderm docs not remain long undifferentiated 
Sections of slightly older embryos show the lateral portions of the mesoderm 
splitting into two layers (Figs 39, D, E, 49, F) The outer layer is called the 
sumalic mesoderm and the inner lavcr the splmehac mesoderm The cavity be- 
tween somatic and splanchnic mesoderm is the coelom Because the somatic 
mesoderm and the ectoderm are closely associated and 
m common, it is frequently convenient to designate 
by the term somaiopleure For the same reasons vplanchi 
derm together are designated as splanchnopleure 


• undergo many foldings 
the two layers together 
^tc mesoderm and ento- 
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The splitting of the lateral racsoclcrm docs not occur simultaneously 
throughout its extent The earliest indications of the process appear here and 
there m the more peripheral parts of the mesoderm 1 he first small local areas 
of separation give rise to isolated vesicles (Fig 38, E) which rapidly extend 
and become confluent to establish the coelom (Fig 38, F) A definite coelom 
is thus first established in the cxlra-cmbryonic portions of the mesoderm, and 
IS correspondingly designated as the extra-embryonic part of the coelom, or, 
more briefly, cxococlom 

As development progresses, the splitting initiated peripherally continues 
to extend toward the embryo and soon involves the intra-cmbryomc portion 
of the mesoderm (Fig 63, A, B) Thus, an inira-cmbryonic portion of the 
coelom is established which is at first directly continuous with the exocoelom 
(Fig 71, A, B) Later in development, as the growing embryo is more defi- 
nitely separated from its surrounding membranes, we see the demarcation 
between intra- and extra-embryonic coelom quite sharply established (Fig 
71, C) The part of the coelom then included within the embryo gives rise to 
its pericardial, pleural, and peritoneal cavities 

It IS of interest to note that the first part of the intra-cmbryonic coelom to 
be established is the region where the heart will develop The precocious 
formation of the pericardial coelom presages the early appearance of the 
cardiovascular system as a whole Another condition of interest is the extensive 
growth of the extra-embryonic layers, which foreshadows an early differentia- 
tion of the membranes derived from them The accelerated dificrentiation of 
the cardiovascular mechanism and the trophic membranes is a very striking 
feature of mammalian development, which would seem to be quite definitely 
correlated with the paucity of yolk m the mammalian ovum In the absence 
of a readily available supply of stored food material, membranes capable of 
establishing metabolic interchange with the maternal circulation and a fetal 
circulation capable of transporting and distributing the food material ab- 
sorbed through these membranes arc both indispensable factors for the growth 
of the embryo 

Embryological Importance of Germ Layers Not having at our disposal 
human material showing some of the critical stages in germ-layer formation, 
we have been at some pains to trace the establishment of the germ layers m 
another mammalian form In looking back over this phase of development, 
perhaps the most conspicuous thing, at first glance, is the multitude of cells 
formed from the single fertilized egg cell by repeated mitoses Of more signifi- 
cance, howev er, is the fact that even during the early phases of rapid prolif- 
eration the cells thus formed do not remain as an unorganized mass Almost 
at once they become definitely arranged as a hollow sphere which is tailed 
the blastocyst At one pole of the blastocyst there is aggregated a group of cells 
known as the inner cell mass Scarcely is this established when certain cells 
begin to emerge from it to line a smaller mn<r cavity, the primitive gut or 
archenteron These cells w e recognize as constituting the entoderm Shortly, 
a third cell layer makes its appearance between the first two, called, appro- 
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pnately enough, the mesoderm That part of the original aggregation of cells 
which IS left covering the outside of the embr>'o, and constituting the outer- 
most la>er of its enveloping membranes, is the ectoderm These three cell 
layers are spoken of as the germ la>crs of the embryo 

The germ layers are of interest to the embryologist from se\eral points of 
view The simple organization of the embryo when it consists of first a single, 
then iw 0, and finally three primary structural la\ ers is reminiscent of ancestral 
adult conditions that occur in primitive groups of the invertebrate senes 
Trom the standpoint of probable ontogenetic recapitulations of remote phylo- 
genetic history, several facts arc quite suggestive The nervous system of the 
vertebrate embry o arises from the ectoderm — the lay cr through vv hich a primi- 
tive organism which has not as yet evolved a central nervous system is m touch 
with its environment The lining of the vertebrate digcstiv’c tube is formed 
from the entoderm — the layer which, in very primitive forms lines a gastro- 
cele-hke enteric cavity The vertebrate skeletal, muscular, and circulatory 
structures are derived almost entirely from the mesoderm — the layer which, 
m small, lowly organized forms, is relatively inconspicuous but which con- 
stitutes a progressively greater proportion of the total bulk of animals as they 
increase in size and complexity and consequently need more elaborate sup- 
porting and transporting systems 

Interesting as arc the possibilities of interpreting the germ layers from the 
standpoint of their phylogenetic significance, our chief concern with them 
centers about the part they play m the development of the individual The 
establishment of the germ layers is the first segregation of cell groups which 
are clearly distinct from one another by reason of their definite relations with- 
in the embryo The fact that these relations are fundamentally the same in all 
vertebrate embryos speaks forcefully of the common ancestry and similar her- 
itage of the various members of this great group of animals It means, further- 
more, that in these germ layers we have a common starting point in the fabri- 
cation of the variations which different classes of animals hav'e built upon the 
common underlying plan of body structure characteristic of the vertebrate 
group as a whole 

The establishment of the germ layers marks also a transition from the 
period of development when mere increase in number of cells is the outstand- 
ing event, to one in which differentiation and specidlization are dominating 
concomitants of growth Differentiation is occurring within the germ layers 
even before we can sec tangible evidences of it by any of our present micro- 
scopical methods Within a layer that looks all alike to us, there are gradually 
being established localized groups of cells with different developmental poten- 
tialities We have long Known that such must be the case because we could see 
various special structures, one after another, take shape from a germ layer 
that gave no advance notice by any visible changes of «hat it was about to do 
Recent experimental work is beginning to give us information as to how Jong 
such invisible differenuation precedes the VBible morphological localiaation of 
a cell group which we readily recognize as the pnmordmm of a dehnite organ 
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For example, although the chick’s optic vesicle does not appear as a definite 
pnmordium until after 30 hours of incubation, if a narrow transverse strip of 
the ectoderm of a 12-hour embryo is cut out from the regions either side of 
Hensen’s node and grown by tissue-culture methods, it will in due time show 
specialised cellular elements of types which occur only in the eye A \(np 
taken from another region, although it appears similar, when grown in culture 
will show no cells characteristic of the eye but will show different specific 
specializations 

Experiments such as these indicate the surprisingly early stage at which 
there is, within the germ layers, invisible localization of cells with different 
developmental potentialities As development progresses, these localized cell 
groups are bodily and visibly sorted out In some cases their sorting out is 
accomplished by a folding off from the parent germ layer, in other cases by 
migration of individual cells which later become re-aggregated elsewhere 
From primordial cell groups thus derived, the organs with which wc arc 
familiar in the adult gradually take shape The storyof the embryological origin 
of the various parts of the body is, therefore, the history of the growth, sub- 
division, and differentiation of the germ layers A skeleton outline of these 
processes is given in Fig 40 This chart at the present stage of our study will 
serve as a means of pointing out m a general way whuhi r the early processes 
we have been dealing with arc leading As we follow the phenomena of devel- 
opment farther we shall find that each natural division of the subject centers 
more or less sharply about some particular branch of this genealogical tree of 
the germ layers 

Structure of Young Human Embryos With the foregoing outline of the 
origin of the germ layers in another mammalian type as a background, we 
are in a better position to interpret the conditions seen in man For many years 
the youngest reasonably well-preserved human embryo available for study 
was the so-callcd “Miller ovum Recently, Hertig and Rock have recovered 
two very young human embryos, one (Figs 41, 43) probably a little younger 
than the Miller embryo, and the other (Fig 42) a little older These embryos 
are so exceptionally well preserved and prepared, and the illustrations and 
the descriptions of them are so much better than anything else available that 
our conception of the structure of young human embryos can well be based 
on them with little reference to the few other, less favorably preserved, speci- 
mens of comparable ages 

In the light of our present knowledge, a plausible summary of the times 
at which critical embryological events would have occurred in an embryo such 
as the younger Hertig-Rock specimen might run somewhat as follows Ovu- 


* Vew younf^ human embryos are so rarclv secured and are of such spermi interest that 
custom has arisen of d«ignating them by the name of the person recovering them Ord.narX ,us 
the same person who places their description on record in the literature In the case of the Knil ’ “ 

br>o.houcver 'vc are indebted to Streeter fortbcavailabihtyofanexcem^n^f!!!. /^ ^^* "''" 

In both embryological and obstetrical literature the term “ovum” has description 

such veiy y oung embryos and their chorionic vesicles There seem^ nn » M ^ ^*^d to cover 

follow precedent in such a loose and contusing usage ® “”■"'“■>8 to 
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lation prob«ibIy took place some 13 days after the first day of the mother’s last 
menstrual period (Fig 24) A fruitful coitus was nearly coincidental with 
ovulation, and within a few hours of coitus the actual meeting of the gametes 
in fertilization took place near the fimbriated end of the uterine tube On its 
three- or four-day journey through the tube, the first half-dozen cleavage divi- 
sions (Fig 33) \verc carried out so the embryo Nvas entering the morula stage 
(Fig 34, A) on its arrival m the uterus In the five or six days it remained 



Fig 43 Hertig-Rock 11-day embryo (Carnegie Coll , 7699) photographed 
X 150 (After Hertig and Rock, Carnegie Cent to Emb , Vol 29, 1941 ) Com- 
pare Avith Fig 41, which shows same specimen in its relation to the uterine 
mucosa 

free m the uterine cavity , the hollowing out of the morula to become a blas- 
todermic vesicle occurred (Fig 34, C-E) About nine or ten days after its 
fertilization, and on the twenty-second or twenty -third day of the mother’s 
menstrual cycle, the zona pellucida finally disintegrated, permitting the 
trophoblast to come in direct contact with and adhere to the uterine mucosa 
(Fig 80, A-C) It will be recalled that this would be the time when the 
uterine mucosa was entering on its phase of congestion and heightened secre- 
tory activity preceding the next expected period (Figs 23, 24) Immediately 
following Its adherence, the rapidly growing trophoblast began to invade the 



79 


formation of germ layers 



'iTOphoblo#^ 



membrone — v— ^ 

Fig 44 Outlm« of fi^e cxcepuonaU) ^ 

embryos dia^ammed to the same scale (33)^) { S > 

Carnegie Com to Emb , Vol 29,1941 ) n a oc 

A, Carnegie embryo 7699 (Hcrtig-RocK), about 

B, Carnegie embryo 4900 (MUler-Streetp), about U days 

C, Carnegie embryo 7700 (Hertig-Rock), about 12 days 

D, Wemer-Stieve embryo, about 12 to 13 days 

E, Edwards-Jones Brewer embryo, about 14 to 15 days 


uterine mucosa (Figs 80, F, 81) In another day the growing villl had bur- 
rowed into the endometrium until the embryo became completely embedded 
(Figs 41. 82) It was at this time, probably about 11 days after fertilization, 
that the necessity of surgical removal of the uterus led to the recovery of this 
exceptionally interesting embryo (Fig 43) 
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In Fig 44, the two Hertig-Rock embryos have been diagrammed to scale 
m comparison with three other famous >oung embryos It is quite evident that 
m even the youngest of tins group diflercnliation of the germ layers is well 
under way In the older specimens the entoderm has emerged from tlic inner 
cell mass and constitutes the lining of a primitive gut-yolk-sac cavity This 
cavity has the same positional relations with reference to the remainder of the 
inner cell mass, and to the outer or trophoblast layer of the blastocyst as the 
newly formed primitive gut of the pig embryo (Cf Fig 36 with Fig 44 ) 
The fact that the human yolk-sac is mucli smaller than that of the pig is 
neither particularly surprising nor signiHcant We may make a plausible guess 
that the entoderm cells lining the primitive gut in a human embryo first 
emerged from the inner cell mass m mueh the same manner as they have been 
seen to arise m pig embryos 

Comment has already been made on the leisurely manner m which the 
pig goes through many of the early phases of its development as compared 
with the hastening and slurring over of the corresponding processes in man 
The formation of the mesoderm well CNcmphfics this contrast In the young 
human embryos, although the entoderm appears to be scarcely established, 
the mesoderm extends well beyond the region of the embryonic disk Its 
somatic component is already becoming applied to the trophcctodcrm to form 
an extra-embryonic layer of somatoplcurc, and its splanchnic component is 
similarly associated with the entoderm of the primitive gut to form splanchno- 
pleure (Fig 45) The extra-embryonic coelom thus confronts us abruptly as a 
capacious space, instead of our being able, as was possible in the pig, to watch 
It gradually form by the more and more marked splitting of an originally 
solid sheet of mesoderm Moreover, the manner in which the extra-embryonic 
mesoderm m human embryos first makes its appearance suggests that it may 
arise, in part at least, by emergence of cells from the inner face of the tropho- 
blast layer, as well as by proliferation from the inner cell mass Nevertheless, 
as was the case with the entoderm, once the mesoderm is well established one 
finds It has the same fundamental relations m man that it has m those stand- 
bys of didactic embryology, the chick and the pig Again we are tempted by 
the similarity of the end-results to guess that there might be m very young 
human embryos a proliferation center at a region corresponding to the pos- 
terior quadrant of the embryonic disk of the pig But in keeping with the 
hastening of all these early processes in man any such center must be thought 
of as appearing relatively earlier, almost before there is sufficient differentia- 
tion of the embryonic disk to permit us to speak of its topography 

The peculiarity of very young human embryos m which they perhaps 
differ most strikingly from pig embryos is the early appearance of the amniotic 
cavity above the embryonic disk When, in Chapter 6, the extra-embryonic 
membranes are discussed, we shall see how the amnion m more primitive 
forms arises relatively much later m development by the coalescence of folds 
of somatopleure Discussion of the homologies of the amnion can best be post- 
poned until they are taken up in that chapter At present it is sufficient to note 
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Fig 45 Schematic diagrams indicating the probable manner in which the 
structural plan exhibited b> the >oungest known human embryos is derived 
A, Generalized scheme of mammalian blastodermic vesicle There is no reason 
to believe that the human embryo, if secured about a week after fertilization, 
would show any essential differences from this plan which is common to all the 
higher mammals as yet critically studied (Cf Fig 35 ) B, Hypothetical transi- 
tional stage Probable condition of human embryo about eight or nine days 
after fertilization C, Schematized pbn of the youngest well-preserved human 
embryos D, Schematization of the Peters’ embryo, probable fertilization age of 
about 13 to 14 days The capacious extra-embryonic coelom is already com- 
pletely lined by mesodermal cells (shown in red) and contains a granular mate- 
rial called the magma reticulare This “magma” is probably the result of the 
coagulation during fixation of a protein containing fluid which filled the cxocoe- 
lom during life The scattered cells frequently seen in the magma may be re- 
garded as migratory mesoderm ccHs which had not at the moment of fixation 
found their place m the exocoelomic Immg 
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that the human amnion, like that of more primitive mammals, is composed of 
a layer of somatopicurc, although it arises exceedingly early by what seems 
almost like a slcight-of-hand rearrangement of cells, rather than by the gradual 
folding process characteristic of such forms as the chick or the pig Neverthe- 
less, the layers composing it, and the final relations of the amnion to the body 
of the embryo and to the other cxtra-cmbryonic membranes m man, again 
run true to the fundamental pattern established by more primitive forms (Fig 
78) 

The Peters’ embryo and the Warncr-Stiev c embryo which arc perhaps 
two or three days older than the Hertig-Rock and the Miller embryos, have 
the same general structural plan, but the plan is sketched m sharper outline 
(Figs 44, D, 45, D), the embryonic disk being more clearly delimited and the 
amnion and yolk-sac easier to recognize The most significant advances arc 
m the separation of the amnion from the outer wall of the blastodermic ncsicIc 
and m the beginning of a dcfimie body stalk The body stalk at this stage is 
merely a mass of mesodermal cells attaching the embryo to the inside of the 
blastodermic vesicle As is the case with so many things m early human devel- 
opment, It symbolizes a growth process which takes place relatively later m 
development, and is mucli more readily followed m lower forms The body- 
stalk mesoderm stands for a precociously formed and somewhat atypical 
allantois At this stage the chief clue to its homology is to be seen in the rudi- 
mentary allantoic lumen projecting into it for a short distance from the 
posterior part of the primitive gut (Figs 45, D, 70) Later we shall sec its 
homologies more strikingly emphasized by the relations of the blood vessels 
which transverse it, placing the embryo in communication with the outer 
layers of the vesicle, and thereby establishing metabolic relations with the 
uterine circulation (Fig 78, C) 

The formation of the body is of course initialed by the same grow th proc- 
esses which establish the germ layers But even after the germ layers have been 
laid down and have begun to show considerable differentiation, the con- 
figuration of the young embryo is so unlike that of the adult that, except to 
one familiar with embryology, there are no readily identified landmarks 
There is no distinct head, no neck, no trunk, there are no appendages — m 
short, there are none of the conspicuous structural features by which we are 
accustomed to orient ourselves in dealing with adult anatomy 

In the Miller or the Hertig embryos the embryonic disk, which is all there 
IS m the way of a body, lies between the rudimentary yolk-sac and the amniotic 
cavity It consists merely of a layer of a few ectodermal cells, a few entodermal 
cells, and the beginnings of a cluster of mesodermal cells (Figs 42, 43, 45, G) 

In the Peters’ embryo (Fig 45, D), the embryonic disk has become larger 
and more clearly defined, but still shows no definite landmarks It is about 
two weeks after fertilization, when the primitive streak makes its appearance, 
that the longitudinal axis of the body is first clearly defined One of the best 
preserved and most accurately described specimens of this age is the Heuser 
embryo The dorsal aspect of the embryonic disk of the Heuser embryo, after 
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the amntcn has been removed, shows a conspicuous pnm.tj 
nating cephalically m a well-defined Hensen’s node (Fig 46. A. B) Trans 
verse sections (Fig 46. C. D) show an arrangement of the gem layCTS readi y 
comparable with that seen in other young mammalian embryos The ento- 
derm lining the primitive gut and the yolk-sac is easily distinguished The 
ectoderm has become much thickened in the region of the embryonic disk 




Fig 46 Human embryo in primitive streak stage — probabiC fertilization age 
of 14 to 15 days A, Photographed (X 18) before sectioning B, Reconstructed 
from serial sections ( X 25) C, Section through neural plate D, Section through 
primitive streak (After Heuser, Carnegie Cont to Emb , Vol 23, 1932 ) 

and shows a well-marked transition where it is continued extra-embryonically 
to line the amniotic cavity Within the body of the embryo the mesoderm is 
still a nearly solid sheet, but the presence of small vesicles already foreshado\vs 
Its splitting into somatic and splanchnic layers Extra-embryomcally the meso- 
derm IS divided into a somatic layer most clearly seen where it turns dorsally 
to reinforce the amniotic ectoderm, and a splanchnic layer which turns ven- 
fally to become associated with the entoderm of the yolk-sac 
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Thus, at the end of Us first two weeks of development, we find the young 
human embryo with a body about 1 5 mm long, irregularly oval in shape, 
and with its long axis established by the primitive streak and the notochord 
Internally, the three germ layers arc clearly dificrcntiated It has been em- 
bedded m the uterine mucous membrane for perhaps four or five days, and 
the outer layer of the blastodermic vesicle m which it is contained has ex- 
panded m size and has firmly rooted itself in the surrounding maternal tissue 
The foundations arc now laid both for the further growth and specialization 
of Us nourishing and protective membranes, and for the rapid development 
of the embryonic body 


I 
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Early Differentiation of the Body and 
Establishing of Organ Systems 

EARLY DIFFERENTIATION OF THE BODY 

Primitiv e Streak as a Growth Center In Chapter 4 w e traced the forma- 
tion of the primitu c streak b> the reshaping of a thickened, rapidly prolifer- 
ating region in the posterior quadrant of the embryonic disk W^c saw, also, 
the continued activity of the primitive streak m contributing cells to the 
rapidly expanding germ layers This activity of the primitive streak as a 
growth center is an important factor m the formation of the early embryonic 
body 

Even casual inspection of a senes of embryos of increasing age makes it 
apparent how rapidly the cephalic region is expanding (Figs 46, 48, 49, 50) 
It IS easy, however, to overlook the part played by the more caudal portions 
of the embry o m this cephalic growth From the region of the pnmmv e streak, 
cells are continuously being pushed forth into the growing body, but we see 
the results of the growth activities in the increase m size of other regions 
Paradoxically, the primitive streak itself does not become larger by reason of 
Its own activity, for the cells there proliferated promptly emigrate and the 
primitive streak itself becomes a relatively less and less conspicuous structure 
(Figs 46, 48, 49) If an embryo in the pnmitiv c-streak stage has small areas 
marked by scarring with a hot needle and is then allowed to develop further, 
the peripheral expansion which takes place from the pnmitiv e streak can be 
vividly demonstrated (Fig 47, D, E) One sees the expression of its growth 
dctiv ity in the rapidity with which the scars are carried penpherahy Par- 
ticularly striking IS the migration cephalad of scars made at the anterior part 
of the primitive streak 

The fact that the growth of a young embryo is taking place chiefly from 
Its caudal end has a bearing, also, on the relative progress of differentiation 
m different regions of the body It is a striking fact that the cephalic end of an 
embryo will always be found precocious m differentiation as compared with 
the more caudal portion of the body This much-comtnented-on condition 
seems but natural when we consider that the head is actualK older m develop- 
ment For the structures behind the head ar< laid down by cells which were 
proliferated from the growth center at the primitive streak, subsequent to the 
establishment of the head itself Of course differentiation does occur exceed- 
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Fig 47 Diagrams, based on chick embryos, showing direction of growth 
from the primitive streak as a center A-C, Showing growth as expressed by the 
progress of the mesoderm during the latter part of the first day of incubation 
Some of the more prominent structural features of the embryos are drawn m 
lighdy for orientation but the ectoderm is supposed to be nearly transparent, 
allowmg the mesoderm to show through The area into which the mesoderm has 
grown IS mdicated by diagonal hatching D, E, Showing direction of growth as 
demonstrated by experimental methods (^ter Kopsch ) D, Showing location 
at which three injuries were made close to the primitive streak of a 16 hour 
embryo E, Showing position to which mjured areas were earned by growth of 
the same embryo subsequent to the operation 
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ingly rapidly m the head Were this not so other regions would pass it in 
developmental progress But, in taking cognizance of this condition, we can 
not afford to overlook the fact that the head is given a considerable lead at 
the outset by its earlier establishment 

Early Differentiation of Cephalic Region From the standpoint of com- 
parative anatomy and embryology, the developing head is divisible into a 
neurocranial portion and a tisceral pornon The neurocranial portion in- 
cludes— together with their supporting structures— the brain, the eyes, the 
internal ears, and the nervous part of the olfactory organs The visceral por- 
tion includes the cephalic termination of the digestive-respiratory tract and 
the associated facial structures which are developed for the most part from 



tbe primitive gill arch complex of waier-livmg ancestral 1)7)65 These two 
regions are unlike in their rates of growth and differentiation The neuro- 
cramal portion is precocious, being very conspicuous in young embrvos 
Although Its early predominance is never completely lost, it is greatly reduced 
in fetal and early postnatal life by the growth of the facial region which is 
relative!) mort rapid in these later phases of development ^ 

In \er> )oung embiyos the topography of the head is but vaguely defined 
It soon, however, becomes more precisely marked out by the appearance of 
characteristic structures Shortly after the primitive streak and the notochord 
have become clearly defined, the ectoderm in the raid-bod) region, cephalic 
to Hensen's node, becomes markedly thickened as compared with the rest of 
the superficial ectoderm This thickening, known as the neural plate, almost 
immediate!) becomes folded into a longitudinal groove which heralds the 
formation of the central nervous system (Figs 48 , 49 ) With the establishment 
of the neural groove, landmarks begm to appear with rapidly increasing clear- 
ness The neural folds m the antenor region are of much greater size than they 
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FiG 50 Two human cnibr>os of ibout three weeks fertilization age A, 
Corner 10*somite cmbr>o, probable age about 20 da>8, X 25 (After Comer, 
Carnegie Cont to Emb , Vol 20, 1929 ) B, Heuser t4-somitc embr>o, probable 
age about 22 da>s, X 30 (After Heuser, Carnegie Cent to Emb,^Vol 22, 
1930) Sketches m lower corners show actual size of respective embryos and 
their chorionic vesicles 



of ^f=out three and a half weeks 
(Univ of Michigan Coll EH 195, 17 somites, cross-catalogued at the Carneme 
Institution of Washington as 7702 ) Photographs retouched from the Carnegie 
sicreophoiographs A Lateraljnew (X 16^) B, Dorsal aspect (X 16}|) 
C, Dorsal view of head ( X 27}^) D, Ventrolateral view of head ( X 27^) 
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are farther caudad This condition foreshado\ss the differentiation of the 
neural tube into a conspicuously enlarged anterior portion, the brain, and a 
more attenuated posterior portion, the spinal cord The cephalic region of an 
embryo of but three weeks’ fertilization age is, therefore, already indicated by 
this anterior enlargement of the neural plate (Fig 50) 

Toward the end of the third or the beginning of the fourth week the pn- 
mordia of both the car and the eye become recognizable The mechanism of 
the inner cars first appears in the form of a pair of thickened placodes in the 



Fic 52 Human embryo toi%ard end of fourth week Retouched 
photograph {X 20) of embryo 6097 in the Carnegie coHcction, crowm- 
rump length 3 6 mm , 25 pairi of somites Sketch, lower right, shoe's 
actual size of embryo and us chorionic vesicle 

superficial ectoderm at the level of the more posterior part of the brain (Fig 
49, B) These primordial cell clusters soon sink below the surface to form the 
auditory tesides (Fig 239), and cease to be prominent externally (Fig 52) 
Somewhat later, however, the beginnings of the external ear can be made out 
not far from the site of the original inv agination of the internal ear pnmordium, 
and in close association with the hyoroandibular cleft from which the Eusta- 
chian lube and middle-ear chamber arc destined to be formed (Figs 61, 62, 
243, 244) 

The eyes arise as local outgrowths from the lateral walls of the anterior 
part of the brain (Fig 66) I-ong before the optic vestcUs, as the early out- 
growths are called, bear any resemblance to adult eyes, their position can be 
seen because of the pronunence they make m the overlying ectoderm (Figs 
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52, 53) Specializations of the superficial tissues about the optic vesicles soon 
make the developing eye readily identifiable (Figs 61, 62) 

With the establishment of the brain, the car, and the eye, there is no longer 
an^ difficulty in recognizing the general topograph) of the ncurocranial part 
of the head Meanwhile, the foundations of the \ isceral part of the head have 
been laid down These primordial structures center about the stomodaeal de- 
pression which is destined to be molded into the mouth Cephalic to the sto- 
modaeum is the elevation caused b> the overhanging forebrain (Fig 57) 
Cephalolaterally arc the paired maxtUary processes which arc destined to form 
the lateral parts of the upper jaw (Fig 58) Phylogeneticall), the maxillae 
are exceedingly ancient, being traceable to prcoral arches m the invertebrate 
stock (probably primitive Arachnid types) from which the vertebrates were 
derived At the bottom of the stomodaeal depression lies the stomodaeal {oral) 
plate This is a thin, double-layered sheet of tissue — ectoderm outside and 
entoderm inside — which separates the stomodaeum from the originally blind 
end of the foregut (Fig 70, C) Late in the fourth week this membrane rup- 
tures (Figs 56, 57, 70, D), establishing for the first time an oral opening into 
the foregut 

Caudal to the stomodaeal depression on the ventrolateral walls of the 
pharynx is a scries of-elevations with deep furrows between them (Fig 52) 
Although m mammalian embryos all these furrows do not break through into 
the pharynx, they arc so clearly homologous with the similarly located clefts 
of fishes and amphibians that they arc commonly called gill clefts As the 
paired fright and left) elevations b( tween adjacent clefts grow, they tend to 
merge w ith each other mid'ventrally in such a manner that each pair of elev a- 
tions comes to constitute a sort of arch embracing the pharynx laterally and 
vcntrally The most anterior of the arches lies immediately caudal to the 
primitive mouth opening Because it is involved in the formation of the lower 


jaw, It is called the mandibular arch (Figs 52, 57) Next behind the mandibular 
IS the hyoid arch The arches behind the hvoid, being unnamed, are referred 
to by numbers as postoral arches three, four, and five (rudimentary) As 
development progresses the arches posterior to the mandibular arch become 
less conspicuous and arc incorporated into the neck (cf Figs 59-62), their 
deeper tissues giving rise to such characteristically located structures as the 
hyoid bones and the thyroid cartilages (Fig 106) 


The first pharyngeal pouch— that is, the one internal to the groove be- 
tween the. mandibular and hyoid arches— is retained in part and becomes 
differentiated into the middle-car chamber and the Eustachian tube (Fig 243) In 
embryos of about six weeks nodular masses of rapidly growing tissue appear 
about the external part of the hyoraandibular cleft, initiating the formation 
of the external ear (Figs 61, 245) The more posterior clefts are, m the normal 
course of development, obliterated externally, but occasionally one of them 
may persist, giving rise to the anomaly known as a cervical fistula (Fig 330) 
At about the stage of development when the visceral arches and clefts are 
most conspicuous, a pair of depressions appear at the rostral end of the head 
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The external prominence made by the developing heart appears at a 
strikingly early stage The heart at Hrst lies far toward the head as compared 
with Its definitive position Bearing in mind that the mandibular arch will 
form the lower jaw, we can say that the heart originates “under the chin” 
(Figs 50-52, 70) As growth proceeds, there is rapid elongation of the embr> o 
between its head and trunk, whieh results in the establishment of the cervical 
region In this process, the heart is carried caudad, to he in its characteristic 
position in the thoracic part of the trunk (Figs 67, 68) It is in this change in 



the position of the heart thrt we find the key to the curious course of the 
associated vagus and sympathetic nerves These nerves acquire their connec- 
tion with the heart when it is still near the segmental level of their origin, and 
their fibers are pulled along with the heart in its migration caudad 

As early as the end of the fourth week, a slight depression may be seen 
between the cardiac prominence and the prominence dm to the growing 
liver This groove indicates the position at which the septum transversum 
which IS one of the primordial parts of the diaphragm, develops With its 
appearance we can differentiate the thoracic from the abdominal ri gion of 
the trunk (Figs 53, 58, 199) ^ 

Caudal to the hepatic prominence is the conspicuous bellv-stalk (Figs 58, 
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These depressions, known as the nasal pits (Figs 58, 59) arc surrounded b> 
liorscshoe-shapcd elevations which gradually merge to form the nose (Fig 
247) The details of this process wdl be considered later At the moment, it is 
sufficient to use the nasal pits along with the eyes and cars as landmarks m 
the developing head 

Early Differentiation in Trunk Region Like their remote invertebrate 
forebears, all vertebrates have a scgmcntally organized body In adult mam- 
mals, the underlying metamerism is largely masked by local fusions and super- 



Fio 53 Human embryo about four weeks after fertilization Retouched 
photograph (X 20) of embryo 5923 m the Carnegie collection, crown rump 
length 3 9 mm , 30 pairs of somites Sketch, lower right, shows actual size of 
embryo and its chorionic vesicle 

imposed specializations But even so, unmistakable evidences of this funda- 
mental plan of structure persist m the segmentally arranged spinal nerves and 
ganglia, in the vertebrae, and in the arrangement of the ribs and of the inter- 
costal musculature In the young embryo, metamerism is much more obvious 
One of Its most conspicuous supwficial markings is the senes of paired promi- 
nences which indicate the location of blocklike masses of mesoderm called 
somites (Figs 49-53) These aggregations of mesodermal tissue are clearly 
metamenc m arrangement In fact, it is through them that we trace the origin 
of the segmental arrangement of the axial ^eleton, the nerves, and the muscu- 
lature just alluded to as one of the characteristic evidences of metamerism in 
adult anatomy (cf Figs 182, 183) These phases of the origin and relatiom 
of the somites wiU be returned to later For the present, it will suffice to note 
their metamenc arrangement m the young embryo 
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The external prominence made b> the <ie\ doping heart appears at a 
strikingly early stage The heart at first lies far toward the head as compared 
ivith Its definitive position Bearing in mind that the mandibular arch iviU 
form the lower jaw, we can say that the heart originates “under the chin” 
(Figs 50-52, 70) As gron th proceeds, there is rapid elongation of the embryo 
between Us head and trunk, which results in the establishment of tlic cervical 
region In this process, the heart is carried caudad, to he in its characteristic 
position m the thoracic part of the trunk (Figs 67, 68) It is in this change m 



the position of the heart that we find the key to the curious course of the 
associated vagus and sympathetic nerves These nerves acquire their connec- 
tion with the heart when it is still near the segmental level of their origin, and 
their fibers are pulled along with the heart in its migration caudad 

As early as the end of the fourth week, a slight depression may be seen 
between the cardiac prormnence and the promint nee due to the growing 
liver This groove indicates the position at which the septum transversum, 
which IS one of the primordial parts of the diaphragm, develops With its 
appearance we can differentiate the thoracic from the abdominal region of 
the trunk (Figs 53, 58, 199) 

Caudal to the hepatic prominence is the conspicuous belly-stalk (Figs 58, 
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Over tte stalk, tte Ussues oC the embrvo are continuous with the e\tra- 
embrtonic membranes, and in it are embedded the large blood vessels by wa> 
of which the embryo receives its food and oxygen supply from the uterus of 
the mother (Fig 78) Later, when the belly -stalk becomes much longer, and 
m relation to the size of the embryo much more slender, it is known as the 

umbilical cord (Fig 79) , . . i m , 

During the fifth week of development, the appendage buds make their 

subeardmal dorsal 

nanctcas te{t urobilicat vein in ventral leoe 
* ' of liver 

bladder 



right 
subeardinal vein 


yolk stalk extending into 
extra embrycnic coelom 


OHipbalomesentent 
artery 

right ombilieal vein 


anuuon (cut^ 


Fig 55 (Con/Jnu<f/) Transverse sections of a 5 tnm pig embryo (Projection 
diagrams, X 20 ) Location of each section is indicated on the lateral plan of the 
body inserted opposite E and F 


appearance The arm buds arc formed adjacent to the position then occupied 
by the heart (Fig 58), at the melamenc level of the fourth comcil to the 
first thoracic nerves It is m this location of their origin that tve see the e”<plana- 
tion of their characteristic innervation by th< brachial plexus (Figs 1 S2, 1 83, 
199) The leg buds make their appearance about the same time, but their 
development lags a trifle behind that of the arm buds (Figs 58, 59) In their 
formation at the level of the lumbar and first sacral segments, the establish- 
ment of the sacral plexus is foreshadowed (Fig 199) The muscular tissue of 
the appendages is derived through budlike outgrowths from the mesodermic 
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somites at thcir metamcnc level (Figs 182, 185) Indications of the formation 
of digits first become apparent when the embryo has reached about the end 
of Its SLXthor the beginningof its seventh week of development (Figs 61, 62) 
The embryos of all the higher vertebrates develop within a confined space 


fieufonJ«r»« of niy«t»Bt«ph»Ian 



The growing body must conform itself to the limitations imposed by the egg 
shell as in birds and reptiles, or the uterine cavity, as in mammals It is not 
at all surprising, therefore, that young embryos show a marked tendency to 
become curled, head to tail This process by which an embryo at first straight 
(Pigs 48, 49, 50, A) becomes bent into more or less the shape of a letter C, is 
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called flenion ' Flexion becomes apparent first in the cephalic region (Fig 
50, B) but soon thereafter involves the entire bod> (Figs 52, 53) At certain 
points, the bending is especially strongly marked This has led to speaking 
for convenience in description — of the cranial flexure, the cerv ical flexure, the 
dorsal flexure, and the lumbosacral flexure These so-called regional flexures 
in reality grade into one another and arc nothing more than local accentua- 
tions of a curved configuration which involves the entire body 

Early Differentiation of Mesoderm The mesoderm plays such an im- 
portant r61e in the formation of so many parts of the body that its early dif- 
ferentiation demands special attention Its first appearance between the ecto- 
derm and entoderm m the posterior quadrant of the embryonic disk, as well 

Stomodaeal 
Plate 

•Maxillary 
Region 

Mondibular 
Arch 


Fio 57 Breaking through of the stomodaeal plate to 
establish oral opening into foregut as seen m a face view of 
a human embryo of the fourth week (Drawn, X 30, from 
stereophotogrdphs of embryo 6097 m the Carnegie Col- 
lection ) Compare with Fig 52, which is a literal view 
of the same embryo 

as Its rapid spread from the primitive streak, has already been discussed 
(Figs 38, 47) As Us differentiation is followed into older stages, it can be seen 
that the mesoderm on either side of the notochord becomes markedly thick- 
ened (Fig 63, A) These paired thickened zones from which the somites are 
formed constitute the so-called dorsal mesoderm Extending to either side 
from the zones of thickened dorsal mesoderm are the sheets of lateral meso- 
derm which start intra-embryonically and extend beyond the confines of the 
body as extra-embryonic mesoderm The splitting of the lateral mesoderm to 
form somatic and splanchnic layers bordering the coelom is already familiar 
from earlier stages 


Forebrain. 


Optic 
Vesicle 


Cardiac 
Prominence 



> It probable that tho deeply concat^ back depicted in many of the older illusttatiom of 
embo os ,n the transition phase from them early straight to their later convexly curved configuration 
IS not normal Thu condition could well be due to uneven shrinkage m fixation or to traction exerted 
by the large yolk sac on the very slender body Even well orcserveH rmhr«ex u xertea 

transitory concavity of their backs (F.g 51) Preserved embryos, however, show a 
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Betwcca dorsal and lateral mesoderm is a narrow junctional zone known 
as the intermediate mesoderm (Pigr 63, A, B) Jn the more cephahe parts of 
the body the intermediate mesoderm gives rise to the transitory urinary 
organs of early embryonic life, the pronephros and the mesonephros Its more 
caudal regions later become involved in the formation of the permanent 
ktdncy or mefanephros 


]lro9*ndil)ular locittion cl 

Clelt Audllor) Vesicle 



Fio 58 Human embryo early m die fifth week after fertilization (Crown- 
rump length 5 mm , drawing X IS ) Small sketch, lower right, shows actual 
size of embryo and its chorionic vesicle 


It should be emphasized that the clear-cut difTerentiation of the mesoderm 
into the zones described above is characteristic only of the mid-body region 
(Fig 49, F) Both cephalically (Fig 49, C) and caudally (Fig 49, H), the 
mesoderm is represented at first by unorganized masses of sprawling, actively 
migrating cells designated coUectively as mesenchyme 

In human embryos, the first pair of somites appears about the sixteenth 
day after fertilization As continued growth from the pnmitive-streak region 
progressively increases the length of the embryo, the first somites formed are 
earned cephalad m the general expansion of the embryonic body Keeping 
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pace ^VIth the increase in cephalocaudal elongation, more and more dorsal 
mesoderm becomes differentiated posteriorly, and new pairs of somites arc 
added behind those previousl) established The increase in the number of 
somites in human embryos betivecn the sixteenth day (uhen the first pair may 
be expected to appear) and the end of the fourth ueeh (uhen ordinarily 30 
pairs hate been formed) averages between two and three pairs of somites a 



da> In other forms, ^^here accurate age determinations are possible, the 
somites are known to be formed at a fairl> steady nU Although, as with all 
other growth processes, it is true that there is considerable induidual vari- 
ability and e\en Iitter-mates may have different numbers of somites, still, m 
very young embryos the somite count proves to be the most generally useful 
index of developmental progress Especially m dealing with human embryos, 
which rarely come to the laboratory accompanied by anything like trust- 
worthy data on fertilization age, the number of somites constitutes the best 
criterion of their relative stage of development 
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The cdls in a somite arc not destined to a common fate — in fact, these 
cells as a group have a wider diversity of developmental potentialities than 
any sharply localised aggregation of cells m the young embryo It is, there- 
fore, a matter of special interest to see the various steps by which they become, 



Fw 60 Kumm «mbr>o about middle of siKth week, after furiiliration 
(Crown-rump length 10 mm , drawing XU) Small sketch, lower right, shows 
actual size of embryo and its chonomc vesicle 


so to speak, sorted out, grouped according to their potentialities, and finally 
highly specialized in various ways 

The initial mass of cells constituting a somite grows rapidly m bulk, and 
the radial arrangement, at first vague, soon becomes clearly marked At the 
same time, the boundaries of the somite become more definite and a small 
lumen appears in its center (Fig 63, B) This lumen, knoiin as the myocele, 
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increases m s.ae untd the somite appears as a hollow vesicle uith thick outer 

By ume%cal differences within the somite are becoming apparent 
Threl regions are recognized and named on the basis of their >”stor> 
The dorsomesial part of a somite is composed of cells ‘ 

skeletal muscles developing at that segmental level of the body Tor this reaso 
It IS called the myotome (Fig 63, D) 



Fig 61 Human embryo a little over six weeks after fertiliza- 
tion (Crovvn-rump length 14 mm ) Retouched photograph (X 8) 
of embryo 1267A m the Carnegie Collection 


The ventrolateral portion of the somite is made up of cells w hich have been 
believed to migrate out, aggregate close under the ectoderm, and give rise to 
the connective-tissue layers which underlie the epidermis Accordingly, it has 
been called the dermatome or cutis plate While some cells from this region 
of the somite undoubtedly are contributed to the formation of the deep lay ers 
of the skin, the conviction has been gaming ground that many, perhaps most 
of them, take part in the formation of muscle Furthermore, the connectiv e- 
tissue layer of the skm is known to receive many cells from the somatic meso- 
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derm general! j', and from the diffuse mesenchyme m the cephalic region where 
there arc no somites Tlic term dermatome is so firmly fi\cd tliat it is probably 
unwise to attempt to discard it, but we should bear in mind that, while it does 
contribute to the dermis, it probably docs not do so any more extensively than 
other regions of the mesoderm which lie in close proximity to the ectoderm 



Fig 62 Humancmbryoofaboutsevenwccksfertilizationa^e (Croivn- 
rump length 17 mm ) Retouched photograph (X 7}-S) of embryo 1324 
m the Carnegie Collection 


The third region of the somite is the so-called sclerotome, consisting of 
cells which migrate ventromesially from the original compact mass (Fig 63, 
C) These cells become concentrated about the neural tube and notochord, 
eventually giving rise to the vertebrae 

ESTABLISHING OF ORGAN SYSTEMS 
In dealing with the development of the organ systems, two quite different 
methods of approach are possible In one method, the structure of the embryo 
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Fig 63 Drawings (X 150) from transverse sections of pig embryos of vari- 
ous ages to show formation and early differentiation of somites (From senes 
in the Carnegie Collection ) A, Beginning of somite formation B, Seven somite 
embrvo C Sixteen somite embryo D, Thirty somite embryo 
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derm generally, and from the diffuse mesenchyme in the cephalic region where 
there are no somites The term dermatome is so firmly fixed tliai it is probably 
unwise to attempt to discard it, but >\c should bear in mind that, while it docs 
contribute to the dermis, it probably docs not do so an> more extensively than 
other regions of the mesoderm which he in close proximity to the ectoderm 



Fig 62 Humanembryoofaboutscvenweeksfet-tilisiationage (Cro^vn- 
rump length 17 mm ) Retouched photc^dph (X 7^) of embryo 1324 
in the Carnegie Collection 


The third region of the somite is the so-called sclerotome, consisting of 
cells which migrate ventromesially from the original compact mass (Fig 63, 
C) These cells become concentrated about the neural tube and notochord, 
e\entua!!> giving rise to the vertebrae 

ESTABLISHING OF ORGAN SYSTEMS 
In dealing with the development of the organ systems, hvo quite different 
methods of approach are possible In one method, the structure of the embryo 





establishing or organ systems 



Fig 63 Drawings (X 150) from transverse sections of pig embryos of vari- 
ous ages to show formation and early differentiation of somites (From senes 
in the Carnegie Collection ) A, Begm^g of somite formation B, Seven-somitc 
embrvo C Sixteen somite embryo D, Thirty-somite embryo 
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including all its organ systems is considered at a succession of stages This 
emphasizes the interrelations of the several systems, but forces one to cull 
material from many stages to fit together a coherent story of the development 
of any particular organ system The other method is the separate tracing of 
each organ system from the appearance of its first primordia to its completed 
form The advantage of this method lies in the sharper focusing of attention on 
the changes involved in the formation of each particular system, and its weak- 
ness lies m the loss of emphasis on the relations of one system to another in the 
embryonic body The advantages of the method of presentation by stages arc 
most marked in the early phases of development While the organ systems arc 
first taking shape they arc themselves sufficiently simple in architecture so they 
can all be studied effectively together Moreover, early m development such a 
procedure is especially desirable for the topography of the embryonic body, 
and the relations of one system to another arc quite different from adult condi- 
tions and consequently need the greater emphasis 

As development progresses, conditions m each growing organ system be- 
come more complex, and we must pay increasing attention to the interrela- 
tions of the various parts dc% eloping within the system At the same time, the 
general configuration of the body and the relations of one system to another 
are rapidly approaching the more familiar conditions characteristic of the 
adult body, so that they offer less difllicuUy These considerations make the 
method of study by organ systems of greatest value m the relatively late stages 
of development In planning this book, an attempt has been made to combine 
these two methods, using each for the phase of development to which it is best 
adapted Accordingly, m this chapter we are trying to carry our study of all 
the organ systems along together until the embryo has reached an age of about 
six weeks In subsequent chapters the story of the development of each organ 
system will be picked up separately and followed to its conclusion 

Such a plan of study has another advantage in that it facilitates the close 
correlation of the subject matter of the (ext with laboratory work After an 
embryo begins to “look like a human being,” students who are simultaneously 
studying embryology and adult anatomy have little difficulty m following 
developmental changes It is when the body is first taking shape and the 
organ systems are barely sketched in unfamthar lines that the study of em- 
bryology presents a special challenge to their intellect It is for this reason 
that the major emphasis in the laboratory work in most embryology courses 
IS laid on material such as pig embryos between 5 and 15 mm in length 
Such embryos are at the phases of development when the organ s> stems are 
first taking shape, and their study offers to the student an opportunity to 
acquire a grasp of basic embryological processes from his own laboratory study, 
such as no amount of purely didactic work can ever give 

Naturally, it would be preferable for medical students to study human 
embryos, but human embryos are not available in sufficient numbers for 
class use The handicap, however, is not as serious as it might at first glance 
appear At these early stages, before specific characteristics have begun to 
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emerge, the development of all mammals is closely parallel In studying a 
5-mm pig embryo, one is seeing an almost c\act replica of the human embry o 
4 weeks old (cf Figs 53, 54, 58) In working with a pig embryo of 10 mm , 
one IS to all intents and purposes studying a human embryo of the sixth week 
(Fig 60) Thus the developmental processes of human embryos covered in 
this chapter readily can be illustrated m the laboratory 'vith actual prepara- 
tions of other readily available mammalian embryos such as pigs or rabbits 
Conv ersely , the grow th processes and the topographical relations here described 
for human embryos will apply equally well as a basis for interpreting the 
laboratory study of such forms 


NERVOUS SYSTEM 

Formation of Neural Tube In dealing with the differentiation of the 
cephalic region, mention was made of a thickened area of the ectoderm called 
the neural plate (Fig 49) The first step in the formation of the central nervous 



Fig 64 Drawing (X 135) showing closure of neural tube and for- 
mation of neural crest From pig embryos of A, 8 somites, B 10 
somites, C, 11 somites, D, 13 somites 


system from this primordial mass of cells is its transformation from a super- 
ficial plate into a tubular structure lying beneath the rest of the ectoderm 
As IS the case with so many early tmbiyological phenomena, this is brought 
about by a process which can be described most conveniently as folding 
Due to differential growth, the neural plate becomes depressed central!) and 

elevated laterally, thus establishing the neural groove (Ftgs 49, C D 64 A) 

Contmuatton of this same process soon closes the groove into a t’ube When the 
margins of the n< ural plate meet, a double fusion takes place The mesial or 
neural plate components of the two folds fuse with each other, and the lateral 
rm’ unmodihed ectoderm, also fuse with each other (Fig 64 

b U) Thus m the same process, the ongmal neural plate becomes the wall 
of the neural tube and the superffctal ectoderm closes over the pirce formerly 
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including all its organ systems is considered at a succession of stages This 
emphasizes the interrelations of the several systems, but forces one to cull 
material from many stages to fit together a coherent story of the development 
of any particular organ system The other method is the separate tracing of 
each organ system from the appearance of its first primordia to its completed 
form The advantage of this method lies m the sharper focusing of attention on 
the changes involved in the formation of each particular system, and its weak- 
ness lies in the loss of emphasis on the relations of one system to another m the 
embryonic body The advantages of the method of presentation by stages arc 
most marked in the early phases of development While the organ systems arc 
first taking shape they are themselves sulficicndy simple m architeeturc so they 
can all be studied cfiectivcly together Moreover, early m development such a 
procedure is especially desirable for the topography of the embryonic body, 
and the relations of one system to another arc quite dificrcnt from adult condi- 
tions and consequently need the greater emphasis 

As development progresses, conditions in each growing organ system be- 
come more complex, and we must pay increasing attention to the interrela- 
tions of the Various pans developing within the system At the same time, the 
general configuration of the body and the relations of one sy'stem to another 
are rapidly approaching the more familiar conditions characteristic of the 
adult body, so that they ofTcr less difficulty These considerations make the 
method of study by organ systems of greatest value m the relatively late stages 
of development In planning this book, an attempt has been made to combine 
these two methods, using each for the phase of development to which it is best 
adapted Accordingly, m this chapter we arc trying to carry our study of all 
the organ systems along together until the embryo has reached an age of about 
SIX weeks In subsequent chapters the story of the development of each organ 
system will be picked up separately and followed to its conclusion 

Such a plan of study has another advantage in that it facilitates the close 
correlation of the subject matter of the text with laboratory work After an 
embryo begins to “look like a human being,” students who are simultaneously 
studying embryology and adult anatomy have little difficulty in following 
developmental changes It is when the body is first taking shape and the 
organ systems are barely sketched in unfamiliar lines that the study of em- 
bryology presents a special challenge to their intellect It is for this reason 
that the major emphasis in the laboratory work m most embryology courses 
IS laid on material such as pig embryos between 5 and 15 mm in length 
Such embryos are at the phases of development when the organ systems are 
first taking shape, and their study offers to the student an opportunity to 
acquire a grasp of basic embryological processes from his own laboratory study, 
such as no amount of purely didactic work can ever give 

Naturally, it would be preferable for medical students to study human 
embryos, but human embryos are not available in sufficient numbers for 
class use The handicap, however, is not as serious as it might at first glance 
appear At these early stages, before specific characteristics have begun to 
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emerge, the development of all mammaU is closely parallel In studying a 
5-mm pig embryo, one is seeing an almost exact replica of the human embryo 
4 weeks old (cf Figs 53, 54, 58) In working with a pig embryo of 10 mm , 
one IS to all intents and purposes studying a human embryo of the sixth week 
(Fig 60) Thus the developmental processes of human embryos covered in 
this chapter readily can be illustrated in the laboratory with actual prepara- 
tions of other readily available mammalian embryos such as pigs or rabbits 
Conversely, the grow th processes and the topographical relations here described 
for human embryos will apply equally well as a basis for interpreting the 
laboratory study of such forms 

NERVOUS SYSTEM 

Formation of Neural Tube In dealing with the differentiation of the 
c( phalic region, mention was made of a thickened area of the ectoderm called 
the neural plate (Fig 49) The first step in the formation of the central nervous 




Fig 64 PrawlngfX 135) showing closurcof ncuraj tube and for- 
mation of neural crest From pig embryos of A, 8 somites, B, 10 
somites, C, 11 somites, D, 13 somites 


system from this primordial mass of cells is its transformation from a super- 
ficial plate into a tubular structure lying beneath the rest of the ectoderm 
As IS the case with so many earlv embryological phenomena, this is brought 
about by a process which can be described most conveniently as folding 
Due to differential growth, the neural plate becomes depressed centrally and 
elevated laterally, thus establishing the neural groove (Figs 49, C, D, 64, A) 
Continuation of this same process soon closes the groove into a tube When the 
margins of the neural plate meet, a double fusion takes place The mesial or 
neural plate components of the two folds fuse with each other, and the lateral 
of unmodified ectoderm, also fuse with each other (Fig 64, 
B-D) Thus, in the same process, the original neural plate becomes the wall 
of the neural tube and the superficial ectoderm closes over the place formerly 
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Fio 65 Reconstruction (X 14> of nervous* digcstiNc, respirator)* and urinar) 
systems of a 9 4 mm pig embryo 

The marginal numbers refer to cross sections in the senes used in making 
the reconstruction Six of these sections are shown in Fig 69 By laying a 
straight edge across this illustration between the numbered marginal lines the 
exact location of the cross sections of Fig 69 can be determined 
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All St , allantoic stalk 
Br ep , epartenal bronchus 
C 1 , dorsal root ganglion of first cer\- 
ical nerve 

Ch t , chorda tv mpani branch of facial 
nerve 

Dien , diencephalon 
G acc , accessory ganglion 
G acou , acoustic ganglion of eighth 
nerve 

G Prop , Froriep’s ganglion 
G gas , Gasserian (semilunar) ganglion 
of fifth nerve 

G gen, gemccdafe ganglion of sacnth 
nerve 

G jug , jugular ganglion of tenth nerve 
G nod , nodose ganglion of tenth nerve 
G pet , petrosal ganglion of ninth nerve 
G pv , prevertebral sympathetic gang- 
lion 

G sup , superior ganglion of ninth nerve 
Gen Em , genital eminence 
G1 B , gall-bladder 
Glom , glomerulus 
L , lung 

Lg Int , large intestine 
M Mes , Splanchnic mesoderm cut 
where reflected over mesonephros 
from mesenierv 

Mand V , mandibular branch of fifth 
(trigeminal) nerve 

Max V , maxillarv branch of fifth (tri- 
geminal) nerve 
Mes , mesencephalon 
Mes D , mesonephric duct 
Met , metencephalon 
Met D , metanephne diverticulum 
Myel , myelencephalon 
N III , third cranial (oculomotor) nerve 
N IV , fourth cranial (trochlear) nerve 
N V , fifth cranial (trigeminal) nerve 


N VI , sixth cranial (abducens) nerve 
N VII , seventh cranial (facial) nerve 
N VIII , eighth cranial (acoustic) nerve 
N IX , ninth cranial (glossopharyngeal) 
nerve 

N X , tenth cranial (vagus) nerve 
N XI , eleventh cranial (accessorv ) nerv e 
N Xll , twelfth cranial (hypoglossal 
nerve 

N cerv d , descending cervical nerve 
N Ph , phrenic nerve 
Na , location of nasal (olfactory) pit 
Nch , notochord 
Neur Cr , neural crest 
Neph , nephrogenous tissue of meta- 
nephros 

Op c , optic cup 

Oph V , ophthalmic branch of fifth 
(irigcminan nerve 
Ot, auditory vesicle (otocysi) 

P C G , post-cloacal gut 
PC \ , posterior cardinal vein 
Pane d , dorsal pancreas 
Pane V , ventral pancreas 
Pelvic Dll, pelvic dilation of meta- 
nephne diverticulum 
Ph 4 fourth pharymgeal pouch 
Rath p , Rathke’s pocket 
Sm Int , small intestine 
St , stomach 

Sub Card Sm , large venous sinus 
formed by the transverse anastomosis 
of the subcardmal veins (subcardinal 
sinus) 

Tr , trachea 

V T M , superficial mesonephric veins 
connecting post- and sub-cardmah 
(Named venae transversales mcdi- 
ales by Sabin) 
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occupied by the open neural groove Shortly after this fusion, the neural tube 
and the superficial ectoderm become somewhat separated from each other, 
leaving no trace of their former continuity 

Neural Crest There arc cells located near the apices of the neural folds 
which arc not involved m the fusion of either the superficial ectoderm or the 
neural plate These cells form a pair of longitudinal aggregations extending, 
one on either side of the mid«hnc, in the angles between the superficial ecto- 
derm and the neural tube (Pig 64, A, B) With the fusion which closes the 
neural tube, these two cell masses become, for a time, confluent m the mid- 
line (Fig 64, C) Because this aggregation of cells arises from paired pnmordia 
and soon again separates into right and left components, it should be thought 
of as a paired structure, although from its temporary medial position dorsal 
to the neural tube it was named the neural crest 

When first established, the neural crest is continuous antcroposteriorly 
As development proceeds, its cells migrate vcntrolatcrally on either side of 
the spinal cord and at the same time become scgmcntally clustered The 
mctamencally arranged cell groups thus derived from the neural crest give 
rise to the dorsal root ganglia of the spinal nerves (Figs 65, 199), and m the 
cephalic region, to the ganglia of the cranial nerves which have sensory 
components (Fig 66) 

Primary Brain Vesicles The marked enlargement of the anterior portion 
of the neural plate has already been commented on When the neural tube is 
formed from the neural plate, the anterior part of the tube is of larger diameter 
corresponding to the greater size of the plate in the future brain region (Fig 
49) The more slender portion of the neural tube caudal to the enlarged 
cerebral region is destined to become the spinal cord 

Almost from its first appearance, the brain shows certain indications of 
regional differentiation In human embryos of the fourth week, three regions 
may be distinguished for the sake of convenience in description These are 
the so-called forebrain, midbram, and hindbrain (Fig 66, A) The forebram 
{prosencephalon) is the broadest of the three because of the presence of the optic 
vesicles which arise as outgrowths from its lateral walls In the extreme 
anterior portion of the forebrain, complete closure of the neural folds is some- 
what delayed, and there remains, for a time, an opening known as the anterior 
neuropore (Figs 50, 51) 

The midbrain {mesencephalon) is marked off by slight constrictions in the 
walls of the neural tube from the forebram and, somewhat less distincdy^, 
from the hindbrain (Fig 66, A) In young embry os, the mesencephalon shows 
little indication of local specialization presaging the formation of specific 
structures Its roof is destined to become thickened and differentiated into 
the corpora quadngemina (centers concerned with vision and hearing), and 
along its floor will develop the extensive fiber tracts of the crura cerebri which 
connect the more rostral parts of the bram with the spinal cord 

Posteriorly, the hindbrain, cm rhombencephalon, grades without abrupt 
transition into the more slender part of the neural tube which will become the 
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spinal cord Its most interesting feature m early stages is the definite indication 
of neuromeric enlargements it shows, mdieative of the fundamental metanieric 
organization of the brain Concerning the precise homologies of individual 
enlargements in the brain of a mammalian embryo with specific neuromeres 
of ancestral forms, there is by no means complete agreement The contro- 
versies center about the fusion of neuromeres in the anterior part of the brain 



Fk 66 Four stages in early development of bram and cranial nerves of 
>oung human embryos (Adapted from various sources, primarily figures by 
Streeter and reconstructions in the Carnegie Collection ) 

A, At 20 somites — ^based on the Davis embryo — probable fertilization age 
of three and a half >\eeks 

B, At 4 mm , fertilization age of about four t\eeks 

C, At 8 mm , fertilization age a little over five weeks 

D, At 17 mm , fertilization age about seven weeks 

The cranial nerves are indicated by the appropriate Roman numerals 

V, Trigeminal, VII, facial, VIIT, acoustic, IX, glossopharyngeal, X, vagus, 
XI, accessory, XII, hypoglossal Abbreviations Hy , hyoid arch, Md , mandib- 
ular arch 

There are at least 11 enlargements recognizable in the embryonic brain, but 
only the more posterior ones show their individuality clearly Some of the more 
anterior enlargements undoubtedly represent several neuromeres In all 
probability, there are as many as 15 neuromeres represented m the vertebrate 
brain However this may be, for the beginning student the fact that metam- 
erism ,s unmistakablv present is to be emphasized rather than the contro- 
versies concerning the homologies of neuromeres 
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Five-vesicle Stage of the Brain The time during which the brain remains 
in the three-vesicle stage is brief B> the end of the fourth week there are 
indications of the impending subdnision of the prosencephalon, and soon 
thereafter a regional differentiation of the hindbrain also becomes apparent 
By the sixth week of development, \\c can recognize five regional divisions 
in the brain The prosencephalon has divided to form the telencephalon and 
diencephalon, the mesencephalon has remained undivided, and the rhomben- 
cephalon has become differentiated into metenccphalon and myelencephalon 
(Figs 65, 66, 67) 

The telencephalon consists of the most anterior median part of the brain, 
and two lateral outgrowths from it called the lateral telencephahc vesicles 
(Fig 66, C) Its posterior boundary is conventionally established by drawing 
a line from a fold in the roof of the brain called the velum transversum (see 
Fig 67, where the leader to Secsscl’s pocket crosses the dorsal wall of the 
neural tube) to the recessus opticus, a depression m the floor of the brain at 
the level of the optic stalks Because this recess is just rostral to the optic 
chiasma, it is often called the pre*optic recess 

The diencephalon is the more posterior part of the old prosencephalon Its 
posterior boundary is conventionally established by drawing a line from an 
elevation in the floor of the neural tube called the luberculum posterius 
(Fig 67) to a depression in the roof of the neural tube which is just appearing 
at this stage of development, and ma> (Fig 68) or may not (Fig 67) be evident 
in the particular cmbr>o under observation The most conspicuous special 
features of the diencephalon are the paired lateral outgrowths from it which 
form the optic vesicles (Figs 65, 69, B) and the median ventral diverticulum 
which constitutes the infundibulum (Fig 67) The median dorsal outgrowth 
of the diencephalon known as the epiphysis, which is so conspicuous a feature 
m chick embryos of the third and fourth day, appears relatively late in the 
pig and in man Ordinarily, no evidence of an epiphyseal evagination has 
appeared in human embryos of 9 to 1 1 mm , but suggestions of its formation 
can usually be made out m 12-mm embryos 


The mesencephalon shows little change from its condition in y'ounger 
embryos Its demarcation from the metencephalon posteriorly is indicated 
by a conspicuous constriction m the neural tube (Figs 65, 66, 67) 

The division of the primitive hindbrain (rhombencephalon) into melen- 
cephalon and myelencephalon is indicated at this stage, though not conspicuous 
or definite The dorsal wall of the neural tube just caudal to the meso-rhomben- 
cephahe constriction is markedly thick, contrasting strikingly with the very 
thin roof of the more posterior part of the hindbrain (Fig 67) The part of 
the neural tube where the dorsal thickening exists is the metencephalon the 
posterior, thin-roofed portion of the hindbrain is the myelencephalon 
Although all external indications of individual neuromeres have by this time 
disappeared, the internal face of the myelencephalic wall still shows deHnite 
neuromenc markings (Figs 68, 69, A) 
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pairs of cranial nerves, the first 10 of which are homologous with the 10 
cranial nerves of fishes and the last two of which represent a modification of 
nerves which m fishes \vere the most anterior of the spinal nerves 

The 12 cranial nerves of mammals are designated by numerals almost as 
commonly as they are referred to by name Beginning with the most rostral 
they aie (I) Olfactory, (H) optic, (III), oculomotor, (IV) trochlear, (V) 
trigeminal, (VI) abducens, (VII) facial, (VIII) acoustic, (IX) glossopharyn- 
geal, (X) vagus, (XI) spinal accessory, and (XII) hypoglossal In six-week 
embryos, all of the cranial nerves except the olfactory and optic are readily 
recognizable (Figs 65, 66) Those carrying sensory (afferent) fibers show 
conspicuous ganglia near their point of connection with the brain (sec nerv'es 
V, VII, VIII, IX, and X m Fig 66) Except for the acoustic (VIII), all these 
ganglionated nerves carry also some efferent fibers — that is, they arc mixed 
nerves Those cranial nen, cs which are composed practically entirely of efferent 
fibers have no external ganglia (nerves III, IV, VI, and XII) 

Spinal Cord and Spinal Nerves The posterior part of the myelencepha- 
lon merges without any definite line of demarcation into the spinal cord 
The walls of the neural tube m the cord region hav e already begun to become 
differentiated Dorsally and ventrally they remain thin, but laterally rapid 
proliferation of primordial nerve cells has caused them to increase greatly m 
thickness so that the originally oval lumen of the tube becomes slitlikc (Fig 
63, B-D) At the extreme posterior end of the developing spinal cord, closure 
of the neural folds is delayed, just as it was anteriorly The opening which 
thus persists for a time at the posterior end of the neural tube is known as the 
sinus rhomboidalis (Fig 50) 

The cells arising from the neural crests (Fig 64) have become aggregated 
on either side of the cord into scgmentally arranged clusters, the spinal 
ganglia (Figs 65,199) From nerve cells m each of these ganglia, fibers grow 
both toward the cord and peripherally, establishing the dorsal roots (sensorv 
root) of the spinal nerves (Figs 198, B, 200) The ventral (motor) root of a 
spinal nerve is composed of fibers which grow out from cells lying in the wall 
of the neural tube (Fig 198, B) Outside the cord, the dorsal and ventral roots 
unite to form the spinal n( rve trunk , 

Imme diately distal to the union of the dorsal and ventral roots of a spinal 
nerve, the nerve breaks up into three main branches (1) A dorsal ramus 
carrying the fibers associated with the dorsal part of the body, (2) a ventral 
ramus composed of fibers terminating in ventral parts of the body, and (3) a 
ramus communicans containing the fibers which extend by way of the pre- 
vertebral sympathetic chain to the viscera (Fig 200) 

Primarily, the spinal nerves are strictly mctameric in arrangement, each 
nerve carrying the sensory fibers from, and the motor fibers to, that segment 
of the body m which it arises But the underlying metamerism of the body m 
the adult is greatly modified— almost obliterated in many regions— by such 
processes as the fusion of primordial tissues from several metameres to form 
new, highly specialired structures, or by the migration of entire organs from 
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thcir place of origin to new positions in the body Since the spinal nerves arise 
very early in development and arc at first associated with structures at their 
own mctamcnc level, their final arrangement constitutes a valuable record 
of evolutionary and developmental history The appendages, for example, 
arise by the coalescence and organization of primordial tissue from several 
adjacent mctamcres The corresponding spinal nerves supply these tissues 
Originally entirely separate, these nerves merge peripherally to form the 
nerves to the appendages But the story of polymctamenc development is 
permanent!) recorded by the senes of nerve roots which retain their independ- 
ent origin from the spinal cord in spite of their peripheral fusion m the 
brachial and sacral plexuses 

Turthermorc, the caudal migration of the appendages during development 
IS clearly evidenced by the fact that their nerves arise from the cord at a more 
cephalic level than that occupied by the appendages themselves (Note the 
involvement of cervical nerves in the formation of the brachial plexus, as 
shown in Figs 65, 199 ) Similarly, the caudal migration of the diaphragm 
from the place of its first appearance at what is destined to be the level of the 
neck IS indicated by the cervical origin from the cord of the phrenic nerve 
to the diaphragm In cmbr)os of about 10 mm (Fig 199), the phrenic nerve 
can be seen extending almost directly from its level of origin tow’ard the 
septum transversum which is the beginning of the diaphragm Later m 
development, as the diaphragm moves caudad (Fig 304), the terminal 
portion of the phrenic nerve will be pulled caudad with it, constituting a 
permanent record of the migration of the diaphragm 

Sense Organs Although the sensory nerves associated with the nose and 
the eye are not noticeably developed m 10-mm embryos, the pnmordia of the 
sense organs themselves are established The olfactory organs are represented 
by a pair of depressions situated at the rostral end of the head (Figs 58-60) 
From specialized cells m the ectodermal lining of these nasal pits, nerve fibers 
will later arise and grow into the telencephalon, establishing the olfactory 
nerves (Fig 229, D) 

The single-walled spheroidal optic vesicle seen m younger embryos 
(Fig 66, A) has, by the sixth week, been converted by invagination of its 
distal portion into a double-walled cup (Fig 69, B) The inner layer of the 
optic cup IS already much thickened, foreshadowing its development into the 
highly specialized sensory layer of the retina The outer layer remains thinner 
and becomes the pigmented layer of the retina The invagination of the pri- 
mary optic vesicle to form the optic cup takes place eccentrically, and, as a 
result, the lip of the cup is not at first complete It shows a v entraJ gap, called 
the choroid fissure (Fig 237, A), which does not close until later m develop- 
ment (In Fig 65, the fissure is shown but not labeled, the section diagramed 
in Fig 55, B, was cut somewhat on a slant so that the plane of the section 
passes through the choroid fissure in one eye but not the other ) The choroid 
fissure IS continued as a groove on the ventral surface of the optic stalk 
When the fibers which constitute the opuc nerve grow from cells in the 



117 


ESTABLISHING OF ORGAN SYSTEMS 

sensory layer of the retina, they pass out of the optic cup by way of the 
choroid fissure and along this groove in the optic stalk toward the brain 
(Fig 234) 

While these changes have been occurring in the optic vesicle, the lens has 
been established by invagination of the superficial ectoderm overlying the 
optic cup (Fig 55, B) By the time the embryo has attained a length of 10 mm , 
the lens has been completely separated from the parent ectoderm and appears 
as a spheroidal vesicle lying m the opening of the optic cup (Figs 65, 69, B, 
231) 

The priinordium of the internal car mechanism is as yet very simple in 
form It makes its first appearance as a local thickening of the superficial 
QQlQggpjQ overlying the hindbrain This thickened area then sinks in to form 
a pit, which soon becomes closed over to form the otic (auditory) vesicle 
(Fig 239) By the sixth week, the otic vesicle has entirely lost all connection 
with the ectoderm from which it was derived The only indication of Us 
origin IS a slender stalk, the endolymphatic duct, which extends dorsally 
toward the site of the original invagination (Fig 243, A) 

Although the nerve connections of the auditory apparatus with the brain 
have not yet been definitely established, they are clearly indicated by the 
nerve fibers growing from cells in the acoustic ganglion toward the brain on 
the one hand, and toward the otic vesicle on the other Of significance, also, 
IS the close proximity of the first pharyngeal (hyomandibular) pouch to the 
otic vesicle (Fig 65) This pouch is destined to give rise to the middle-car 
chamber and the Eustachian tube (Fig 243) 

DIGESTIVE SYSTEM 

Delimitation of Intra-embryonic Gut Even before the body of the 
embryo takes shape, the formation of the digestive system has been initiated 
by the establishment of the entodermal layer within the spheroidal blastocyst 
(Fig 45) When the mesodirm has been formed and split into somatic and 
splanchnic layers, the splanchnic mesoderm becomes closelv associated with 
the entoderm, the two layers together being known as the splanchnopleure 
Thus thi primitive gut, very early m development, acquires a double-layered 
wall (Figs 46, C, D, and 49, E^G) The entodermal component of the splanch- 
nopleure will give rise to the epithelial lining of the gut tract and to its glands 
The associated layer of splanchnic mesoderm becomes differentiated into the 
muscular and connectivi -tissue layers of the gut wall 

By the time the wall of the primitive gut has received its mesodermal rein- 
forcement, the embryonic body begins to be bounded by definite folds These 
body folds increase in depth and undercut the embryo, separating it except 
for the communicating belly-stalk, from extra-embrvonic structures ’ At the 
same time they play an important part in determining the configuration and 
relalions of the gut tract within the embryo This fold.ng-off process begins 
with a venual bending of the margins of the embryonic area so that the 
developing body takes on a marked dorsal convexity Then the undercutting 



118 


ESTABLISHING OF ORGAN SYSTEMS 


of these depressed margins ccphahcally and caudally, together with rapid 
increase in the length of the embryonic body, cause the embryo to overhang 
the e\tra-cmbryonic layers (Hg 70) Coincidentally the down-foldings on 
either side of the embryo become more definite, emphasizing its lateral 
boundaries (Fig 71, B) The progressive deepening of all these circumscribing 
folds and the continued growth of the body itself constricts the connection 
of the embryo with the extra*cmbryonic membranes, initiates the formation 
of the belly-stalk, and at the same time establishes the lateral and ventral 
body walls of the embryo (Figs 70, 71) 

The superficial foldings which thus establish the boundaries between the 
embryonic body and cxtra-cmbr>'onic portions of the germ layers have their 
counterparts in the deeper lying layers The changes which take place in 
the configuration of the splanchnoplcure during this process bring about the 
division of the primitive gut into an mtra-embryonic portion and an extra- 
embryonic portion known as the yolk-sac (Fig 71, A-C) 

The first part of the primitnc gut to be incorporated definitely within 
the body of the embryo is that portion lying beneath the head With the for- 
ward growth of the head and us concomitant undercutting by the sub- 
cephalic fold, an entodermally lined pocket is established m the cephalic 
region This is the foregut (Fig 70, B) Posteriorly, the foregul remains m 
open communication with the rest of the primitivc-gut cavity by way of the 
anterior intestinal portal 

In a similar manner, a pocket known as the hindgui is formed beneath 
the caudal portion of the embry'o Anteriorly, the hindgut retains open com- 
munication With the rest of the primitive-gul cavity by way of the posterior 
intestinal portal (Fig 70, B) 

Beneath the body of the embryo, between foregut and hindgut, is a region 
of the primitive gut which is destined to be included within the body, but 
which as yet has no floor This region is known as the midgut As the embryo 
IS constricted off from the extra-embryonic layers by the progress of the sub- 
cephalic and subcaudal folds, the foregut and hindgut are increased m extent 
at the expense of the midget The midgut is finally diminished until it opens 
to the yolk-sac only by the restneted canal of the y olk-stalk (Fig 70, D) 

Formation of Oral and Cloacal Openings When first separated from the 
yolk-sac, the embryonic gut ends blindly both ccphahcally and caudally, with 
no indications of either oral or cloacal opening Soon, however, there appear 
two depressions in the surface of the body which sink m to meet the gut 
One of these depressions, the stomodaeum, is located on the ventral surface of 
the head in the future oral region (Fig 70, C) The other, the proctodaeum, is 
located caudally m the future anal region (Fig 70, G) 

The stomodaeal depression gradually becomes deeper until its floor makes 
contact with the entoderm of the foregut The thin layer of tissue formed by 
the apposition of stomodaeal ectoderm to foregut entoderm is known as the 
oral, or stomodaeal, plate As we saw in considering the early development of 
the head it is not long after the first appearance of the stomodaeum that the 
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Fig 71 Schematic transverse sections showing closing off of embryonic gut 

from primitive gut, separation of intra- from extra embryonic coclom, and 
development of primary mesenteries 
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01 al plate ruptures, establishing the cephalic opening of the gut (Figs 56, 
57, 70, D) 

A small diverticulum called SeessePs pocket persists as a vestige of the pre- 
oral gut which e\tended a short way cephalic to the point of rupture of the 
stomodaeal plate Seessel’s pocket is of no special interest in itself, for it gives 
rise to no adult structure In embryos of this age, however, it is a valuable 
landmark, indicating as it does precisely the point at which stomodaeal ecto- 
derm and foregut entoderm became continuous when the oral plate ruptured 
(Fig 56) Later growth of the surrounding structures further deepens the 
original stomodaeal depression, and it becomes the oral cavity The region 
where the oral plate broke through m a four-week embryo becomes, in the 
adult, the region of transition from oral cav'ity to pharynv Arising mid- 
dorsally from the stomodaeum is a narrow diverticulum known as Rathke's 
pocket (Fig 56) This ectodermall> lined pouch grows toward the infundibular 
depression of the diencephalon, with which it will later fuse m the formation 
of the hypophysis 

Somewhat later in development than the time at which the oral opening 
IS established, the proctodaeum breaks through to the hmdgut, forming the 
cloacal opening Subsequent differcnitaiion m this region results m the sepa- 
ration of the originally single cloacal aperture into anal and urogenital 
openings 

Pharynx Caudal to the oral opening, the foregut becomes very broad 
and considerably flattened dorsoventrally to form the pharynx A senes of 
four pairs of pocketUke diverticula, the pharyngeal pouches, arise from it laterally 
Lath pharyngeal pouch is situated opposite one of the external gill furrows, 
the two together representing, as u were, an abortive attempt at establishing 
an open gill cleft In mammalian embryos this process ordinarily stops just 
short of completion, the giU clefts remaining closed by a thin membrane 
Arising medially in the floor of the pharyax, at about the level of the junction 
of the first and second gill arches, is an entodermal bud which is the thyroid 
prmordium (Fig 70, D) 

Trachea and Lung Buds In the floor of the pharynx, at the level of the 
most posterior pair of pharyngeal pouches, a median ventral groove appears 
which is rapidly converted into a tubular outgrowth parallel to the digestive 
tract This groove is the tracheal (laryngotracheal) groove, and the tubular 
outgrowth which is formed by us prolongation caudad is the trachea In 
siv-week embryos the caudal end of the trachea has become enlarged and 
bifurcated to form the lung buds Thus the original evagmation from the 
pharynx is the pnmordmm of larynx, trachea, bronchi, and lungs, but for 
Ae^ake of brevity it is usually referred to as the “lung bud” (FigJ 56, 70, 

Esophagus and Stomach Caudal to the pharvnx, the digestive tube is 
di^stmctiy nan-ovved to form the esophagus A marked local dilation, alrcadv 
of suggestive shape, indicates the beginning of the stomach (Fig 70 D) 




Fig 71 Schematic transverse sections showing closing off of embryonic gut 
from primitive gut, separation of intra- from extra embryonic coelom, and 
development of primary mescntcncs 
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becomes the permanent kidney of the adult (Fig 337) We do not need to 
concern ourselves at the moment with either pronephros or metanephros 
The mesonephros, however, is such an important structure in embryos of this 
age, that, even though we are to consider it later in more detail, at this time 
we should at least note where it lies in the body and what sort of organ it is 

The early stages in the formation of the mesonephros can best be seen in 
cross-sections of the embryonic body just posterior to the level of the heart 
The mesonephric ducts can be identified as cords of cells arising on cither side 
of the body where somatic and splanchnic mesoderm merge into the inter- 
mediate mesoderm (Fig 338, G) Just mesial to the mesonephric duct, cells 
from the intermediate mesoderm become aggregated into a solid mass known 
as the nephrogenic cord \Vhen development has progressed somewhat farther, 
the nephrogenic cord can be seen to have given rise to a senes of hollow 
vesicles, the primordial mesonephric tubules (Fig 56) These tubules soon 
make connection with the mesonephric duct, becoming at the same time 
much elongated and tortuous Meanwhile, the mesonephric duct becomes 
patent and establishes an outlet into the cloacal part of the hindgut 

The origin of the mesonephroi from the miermcdiatc mesoderm well 
localizes their initial position with reference to the coelom As they grow m 
mass, they bulge farther and farther into the dorsal part of the coelom (Fig 
71, C-F) By the time an embryo has reached its siKth week, the mesonephroi 
form a pair of ovoid organs extending from the lev cl of the heart to the extreme 
posterior portion of the body cavity Although they arc similar m structure 
and position in the two species, the mesonephroi of >oung pig embryos 
(Fig 65) are relatively largei than those of human embryos of corresponding 
stages (Figs 353, 354) 

A study of Fig 339 will make apparent the essential functional charac- 
teristics of the mesonephros It is made up of a mass of tubules, each having 
the relations to the vascular system and to the mesonephric duct there indi- 
cated schematically The glomerular tuft of capillaries pushing into the cup- 
shaped capsule at the distal end of the tubule, and the meshwork of capillaries 
surrounding the remainder of the tubule, provide a liberal surface exposure 
for vascular interchange The waste-containing fluids, drawn through the 
thin walls of the capillaries and through the epithelial wall of the tubule, are 
passed along the lumen of each tubule to be carried off by the mesonephric 
duct 


COELOM 

Very early m developmern, we saw that the lateral mesoderm became 
split into somatic and splanchnic layers with the coelom between (Figs 63 
71) As long as the somites and the intermediate mesoderm retain their early 
relations, the place of hansition from somatic to splanchnic mesoderm is quite 
obvious and definite (Fig 63, B, 71, B) After the intermediate mesolrn, 
becomes organized into nephric tubules and no longer connects the somite 
with the lateral mesoderm, the line of demarcation between splanchnic and 
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Liver and Pancreas Immediately caudal to the stomach arc the out- 
growths of the gut which constitute the pnmordia of the pancreas, and of the 
liver and gall-bladder The pancreas arises as two independent parts, a 
conspicuous dorsal bud and a smaller ventral (ventrolateral) bud closely 
associated with the pnmordium of the liver (Fig 69, E) The original hepatic 
diverticulum (Fig 70, C, D) rapidly gives rise to a very extensive mass of 
glandular tissue which is crowded vcntrally and ccphalically from its point 
of origin to constitute the liver The narrowed proximal portion of the original 
evagmation from the gut persists as the duct draining the liver, and a di- 
verticulum of it becomes enlarged lo form the gall-bladder (Fig 287) 

Intestines The elongation of the intestines which later results m their 
characteristic coiling has just commenced in SLX-wcek embryos The gut has 
become relatively thinner than m earlier stages and protrudes into the belly- 
stalk in the form of a slender U-shaped loop (Figs 65,273) Communicating 
with the gut at the apex of the loop is the yolk-stalk The yolk-stalk by this 
time has become greatly attenuated and the yolk-sac with which it com- 
municates IS reduced to a shriveled vesicle embedded m the belly-stalk 
(Fig 67) 

In some embryos m this age range a slight enlargement of the gut, just 
caudal to the point where the yolk-stalk connects with it, will suggest the 
beginning of the cecum (Fig 273) Cephalic to this enlargement the gut will 
become small intestine, and, caudal to it, large intestine 

The dilated caudal end of the gut where the allantoic stalk and the meso- 
nephric duct? enter is called the chaca (Fig 65) It is in this region that the 
proctodacal depression ruptures into the gut, establishing its posterior opening 
to the outside In an embr>o of six weeks, the tissue intervening between the 
gut and the proctodaeum is never thick and may show signs of impending 
disintegration (Fig 67) Caudal to the level of the proctodaeum, a variable 
portion of the hindgut persists for a time as the so-called postcloacal (post- 
anal) gut (Fig 65) 

UROGENITAL SYSTEM 

As early as the fourth week of development, changes which foreshadow the 
formation of the embryonic excretory organs are becoming apparent in the 
intermediate mesoderm By the sixth week, the mesonephros, ^vhlch is a sort 
of temporary kidney, has become quite a conspicuous structure But since the 
differentiation of other closely related parts of the urogenital system is as yet 
very slightly advanced, it seems advisable to postpone consideration of the 
system as a whole and to dismiss these early changes with a word of comment 
on the mesonephros 

The name mesonephros (middle kidney) implies the existence of a more 
anterior and a more posterior kidney The anterior kidney (pronephros), while 
quite conspicuous in some of the primitive fishes, has entirely disappeared 
from the adult body of higher vertebrates and is vestigial m mammalian em- 
bryos The posterior kidney (metanephros) appears later m development and 
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this stage, it is an ingrowth of ventral body-wall tissue fused to the cephalic 
face of the liver (Figs 301, 304) The septum transversum itself never extends 
all the way across the coelom Later in development, we shall see it supple- 
mented by the pleuroperitoneal folds which arise from the dorsal body-wall, 
and complete the diaphragmatic partition across the coelom 

CIRCULATORY SYSTEM 

The mammalian embryo, having practically no yolk available as food, 
is dependent for its survival and growth on the prompt establishment of 
relations with the circulation of the mother This implies the necessity of a 
precocious dev elopment of the vascular system of the embryo, for the maternal 
circulation remains confined within the uterine walls and the embryonic 
circulation must grow to it Until this is accomplished the embryo is depend- 
ent on what food material it can obtain from the uterus bv direct absorption 
— a method entirely inadequate to provide for the growth of the embiyo 
except in Its very early stages when its bulk is inconsiderable 

Heart The heart of a human embryo begins to be formed during the 
third week of development from paired pnmordia situated ventrolaterally 
beneath the foregut The fact that the heart, a median unpaired structure m 
the adult, arises from paired pnmordia which at first lie widely separated on 
either side of the mid-hne is correlated with the fact that the embryonic body 
at first IS open ventrally and lies spread out prone on the surface of the yolk- 
sac The pnmordia of certain anatomically ventral structures arising at an 
early stage of development, therefore, first appear as separate halves lying 
on either side of the mid-lme With the folding under of the lateral margins 
of the embryonic area, which brings the ventrolateral walls of the body into 
their definitive position, the embryo is closed ventrally and potentiallv 
midventral structures which arose as separate halves are established in the 
mid-lmc 

The primordial heart is double-layered, as well as paired right and left 
The inner layer is called the endocardium because it is destined to form the 
internal lining of the heart The outer layer is known as the epimyocardium 
because it will give rise both to the muscular layer of the heart wall and to its 
epicardial investment 

The endocardium appears first m the form of irregular clusters and cords 
of mesenchymal cells lying between the splanchnic mesoderm and the ento- 

derm (Fig 72, A) I hese cells become organized mto two mam strands lying 

one on either side of the gut Soon after their establishment, the strands 
acquire a lumen and arc known as the endocardial tubes (Fig 72, B) The endo- 
cardial tubes continue beyond the cardiac region as branching strands which 
will become, ccphalically, the primitive aortas and, caudally, the veins enter- 
ing the heart (Fig 73, A) The splanchnic mesoderm soon becomes markedly 
thickened where it ,s reflected laterally over the endocardial tubes to con- 
stitute the epimyocardial layer of the heart (Fig 72 B) 

Meanwhile, folding off of the embryonic body is going on with concomt- 
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somatic layers is less readily determined If, houever, the position of the origin 
of the mesonephric tubules is taken as a landmark (Fig 338, C), it becomes 
evident that the point at which somatic and splanchnic mesoderm become 
continuous may be located — with sufTicicnt definiteness for all practical 
purposes— as the recess just lateral to the mesonephroi (Fig 71, OF) This 
means that, because the mesonephros has been extended primarily ventro- 
mcsially from its point of origin, it is the splanclinic mesoderm which is 
pushed out to cover the growing organ as it bulges into the coelom 

Similarly, in the cardiac region, somatic mesoderm ends at the angles 
of the coelom on either side of the pharynx (Fig 49, D) The splanchnic 
mesoderm covers the ventrolateral walls of the pharynx, forms the dorsal 
raesocardium, and is reflected to form the outer covering of the heart wall 
It IS this characteristic relationship of the two lajcrs which accounts for their 
names The somatic mesoderm lines the body*wall (somatic) face of the 
coelom The splanchnic mesoderm forms the supporting membranes (denoted 
by the prefix mes — e g , mcsocardmm, mesogaster) of organs suspended in the 
coelom and covers the visceral (splanchnic) surfaces which project into the 
coelom 

With the folding off of the body from the extra-embryonic membranes 
and the closure of the embryonic bod) vcntrally, the primary right and left 
coelomic chambers approach each other in the mid-Iinc (Fig 71, B-D) In 
this process, the gut tract is caught between the la> ers of splanchnic mesoderm 
which form the mesial boundaries of the coelomic chambers The double la) er 
of splanchnic mesoderm thus formed serves as a supporting membrane for 
the gut and is known as the mesentery Shortly after its formation, the part 
of the mesentery ventral to the gut breaks through, bringing the right and left 
coelomic chambers into confluence and thus establishing a single body cavity 
within the embryo (Fig 71, F) 

Only in the mid-body region do these changes take place cxactl) as 
described above While they arc essentially similar elsewhere, there are 
certain local modifications of the process which are of special interest At the 
level of the pancreas and liver, the ventral mesentery persists supporting these 
glands (Fig 71, E) Where the extra-embryonic membranes are continuous 
with the embryo at the belly-stalk, the body cavity remains for a long time 
continuous with the extra-embryonic coelom (Figs 67, 71, G) In the cardiac 
region, the digestive tract develops m the dorsal body-wall so that no dorsal 
mesentery is formed Here the heart is formed ventral to the gut and sus- 
pended in the coelom by a double layer of splanchnic mesoderm m a manner 
somewhat suggestive of that m which the liver is suspended in the ventral 
mesentery farther caudally m the body (cf Figs 71, E, and 72, D) 

In embryos of the ages under consideration, the body cavity is not yet 
divided into separate pericardial, pleural, and peritoneal chambers Between 
the liver and the heart, however, there has appeared a shelf-like structure 
which partially separates the thoracic region of the coelom from the ab- 
dominal This incomplete partition is cailecfHhe septum transversum At 
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ically where the ventral aortic roots branch out into the tissue beneath the 
foregut, and caudally where the great veins enter (Fig 300) Being unattached 
in Its mid-portion, it is free to change its shape and position, and, since it 
grows much more rapidly m length than does the pericardial part of the 




coelom in which it is situated, the originally straight heart tube soon becomes 
conspicuousl) bent (Fig 73, C, D) 

With the elongation and bending of the cardiac tube, its primary regional 
divisions begin to be recognizable Naming them m the order they are 
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tant progress in the closure of tlic foregut at tiic level of the heart As a result, 
the paired endocardial tubes arc brought progressively closer together 
Finally, they arc approximated to each other and fuse to form a single tube 
lying m the mid-linc (Figs 72, C, D, 73, B) In the same process, the ejnmjio- 
cardial laj^crs arc bent mcsnlly, completely cmvTapping the endocardium 
Ventral to the heart, the mesodermal la>crs of the opposite sides of the body 
become continuous with each other so that, m the same process which cstab- 
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Fig 72 Four stages in fusion of paired prmiordia of heart as seen in cross- 
section A, Based on the Ludwig, two-somilc embryo B, Based on the Carnegie 
3709, four somite embryo C, Based on the Payne, seven somite embryo D, 
Based on the Corner, ten-somite embryo 




hshes the heart as a median structure, the originally paired right and left 
coelomic chambers become confluent to form a median pericardial cavity 
(Fig 72, C, D) Dorsally, the right and left epimyocardial layers become con- 
tiguous, but here they do not fuse immediately, as happens ventral to the 
heart They persist for a time as a double-layered supporting membrane called 
the dorsal mesocardium In this manner, the heart is established as a nearly 
straight, double-walled tube suspended mesially m the most anterior part of 
the coelom 

1 he dorsal mesocardium soon disappears except at its caudal end so that 
the tubular heart comes to he m the pericardial cavity, attached only cephal- 
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of functioning The heart tube has become bent and shows local dilations 
and constrictions which we are able to name because we know their future 
fate Many internal conditions point toward its division into right and left 
sides But the blood at this stage of development enters the heart posteriori) 
by way of the sinus venosus, is collected in the atrium, and passes into the 
ventricle whence it is pumped out b) way of the truncus arteriosus as an 
undivided stream, just as vvas the case m younger embryos where the heart 
was still a relatively straight tube The partitioning of the heart into the 
four-chambered condition characteristic of the adult, which is only suggested 
at these early stages of development, is discussed in Chapter 19 

Arteries While these changes have been occurring in the cardiac region, 
the mam vascular channels characteristic of young embryos arc making their 
appearance The cephalic prolongations of the endocardial tubes bcy'ond the 
cardiac region constitute the start of the main efferent channels or aortae 
The aortae are further extended by a process similar to that involved in the 
formation of the endocardial tubes themselves Cords and knots of cells of 


mesodermal origin become aggregated along the course of the developing 
vessel These strands of cells are then hollowed out to form tubes, walled by a 
single layer of endothelial cells Where mam blood v cssels are about to become 
established there is found first a meshw ork of these small channels Gradually , 
some of these primitive channels arc enlarged and straightened to form the 
mam vessels and their walls are later reinforced by the addition of circularlv 
disposed connective-tissue fibers and smooth muscle cells In this manner, the 
primitive efferent channels are prolonged from the heart cephalad beneath the 
pharynx as the ventral aortae They then bend laterally and dorsally about 
the pharyngeal walls to form aortic arches, and finally turn caudad to extend 
nearly the entire length of the embryo as the dorsal aortae (Fig 74) 

At first, there is but a single pair of aorlic arches which is located in the 
tissue of the mandibular arch Later in their development, vertebrate em- 
bryos in general tend to form five additional pairs of arches connecting the 
V entral and dorsal aortae Each of these aortic arches lies in one of the visceral 


arches caudal to the mandibular The entire series of aortic arches, however, 
IS never present at the same time in mammalian embryos, for the first two 
arches degenerate before the more caudal ones are formed, and the fifth 
IS rudimentary and often wanting altogether From the functional stand- 
point, the significant thing is that blood passes by way uf one or more pairs 
of aortic arches around the pharynx from the vcntrally located heart to the 
dorsally located aortae which arc the mam distributing trunks of the embry- 
onic circulation In human embryos of one month, the first three aortic arches 
are well formed and the fourth is usuallyjust making its appearance (Fig 74) 
By the time the embryo has reached a size of 10-12 mm —that is to say six 
weeU of age-the &st and second arches have degenerated and the aortic 

archespresentarethethird, fourth, and sixth of the senes (Furs 392 3931 

Throughout the length of the aorta, small branches appear at ’regu ar 
intervals and extend dorsad on either side of the neural tube Since fee 
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traversed by the circulating blood, these regions arc the sinus venosus, t!ic 
atrium, the ventricle, and the truncm arteriosus The sinus venosus is a thin- 
walled chamber formed by the confluence of the great veins entering the 
heart (Fig 417) Since the fusion of the cardiac primordia begins at their 
cephalic ends and progresses caudad, the sinus venosus is the last part of 
the heart to be established and at early stages shows but slight dilTcrcntiation 

From the sinus venosus the blood passes into the atrium Guarding the 
slithkc orifice between these two chambers against the return flow of blood 
are well-developed flaps known as the valvulac vcnosac (Figs 418, and 422, 
B-D) The atnal region^ soon after it is established, undergoes extensive trans- 
verse enlargement so that it bulges out into pouchhke right and left chambers 
(Figs 416, 418) Although the beginning of the separation of these chambers 
from each other is clearly indicated as early as the fifth week by the presence 
of an interatrial septum, this septum is not immediately completed and the 
atnal chambers remain in communication below it by way of an opening 
called the primary interatrial foramen, or, more briefly, ostium I (Figs 418, 
B, 422, B) 

Leaving the atrium the blood passes to the ventricle through a constricted 
region known as the atri(hvenlrieuhr canal At first a single channel (Figs 418, 
A, 422, A), in embryos of the fifth and sixth weeks this canal is, as was the 
case with the atrium, being divided into right and left channels The division 
IS effected by the so-called endocardial cushions of the atno-vcntncular 
canal These cushions, located one dorsally and one vcntrally m the walls of 
the canal, bulge into its lumen until they meet and fuse with each other, thus 
partitioning the canal into right and left channels (cf Figs 419, 420, 422) 

The ventricle is formed from the most sharply bent part of the cardiac tube 
(Fig 73, C, D) In it, also, there are early indications of the impending sepa- 
ration of the heart into right and left sides The interventnmlar septum appears 
as a well-marked median ridge growing from the apex of the ventricular loop 
toward the atno-ventncular canal (Figs 418, B, 422, B-D) Above this sep- 
tum, the two parts of the ventricle are still m open communication 

Correlated with its activity m pumping, the ventricular wall has become 
greatly thickened Irregular branching bands of developing muscle tissue 
protrude from the mam part of the wall into the lumen These trabeculae 
carneae already suggest'the muscular bands which project so characteristically 
into the cavities of the adult ventricles 

From the ventricle the blood passes into the truncus arteriosus and thence 
out to the body by way of the ventral aortic roots Aside from the marked 
thickening of its walls, the truncus arteriosus shows little change from its 
original condition as the anterior part of the primitive cardiac tube Its 
diameter remains small and the longitudinal div ision it is destined to undergo 
later in development (Fig 425, A) is barely suggested by the irregular shape 
of Its lumen seen in cross-sections 

It should not be inferred from the modifications which have occurred in 
the different regions of the heart that it has as yet altered its primitive method 
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vessels arc formed between adjacent somites^ tlic> arc known as the dorsal 
iniersegmental arteries (Fig lA) Most of Uic important branches of the aorta 
arise either from these dorsal inlcroigmcntat vessels or from the other series 
of scgmcntally arranged branches which extend vcntrall>, and still others 
which extend laterally m the growing body (Fig 396) The dciclopmcnt of 
these vessels into their adult nirangcmcnt is considered later, m the chapter on 
the circulatory system At the moment, uc arc mttrcslcd only m becoming 
familiar with a few of the vessels tint arc especially conspicuous in young 
embryos 

In the cervical region, tlic dorsal intcrscgmcntil vessels form a senes of 
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Fig 74 Scmischcmauc diagram to show baste vascular plan of human em- 
bryo at end of first month For the sake of simplicity the paired vessels are 
shown only on side toward observer 


connections with each other which eventually result in the establishment of 
the lertebral arteries (Figs 75, 392) Cephalic to the cervicvl level, the vertebral 
arteries are extended toward the mid*lme and unite with each other to form 
a median vessel lying ventral to the myelcncephalon This is the bastlar artery 
(Figs 68, 75) Ventral to the cephalic flexure in the neural tube, the internal 
carotid arteries send branches mesiad to unite wi th the bastlar This anastomo- 
sis between the internal carotids and the basilar is the first step in the forma- 
tion arterial circle (circle of Wilhs) which is such a conspicuous landmark 
m the adult anatomy of the hypophyseal region (Fig 394) 

At the level of the anterior appendage buds, the seventh pair of dorsal 
intcrsegmentals become enlarged as the start of the subclavian arteries to the 
arms Farther back m the body, the dorsal intcrsegmentals become the 
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and the posterior cardinal \eins on either side of the bod^ become confluent 
as the common cardinal letns, or ducts oj Cuiier The common cardinals are short 
trunks which at once turn \ cntro-mesiad and enter the posterior part of the 
heart (Fig 74) 

In six-week embr>os, little alteration from primitive conditions has 
occurred in the veins of the anterior part of the body Numerous large tnbu- 
tai y V essels hav e appeared, cspeciallv in the cephalic region v\ here they con- 
verge on either side of the head as the so-called lenae capitis (Fig 75) It is 
already possible to recognize m the larger of these branches the primordial 
vessels from vshich the mam venous sinuses of the adult cranial region are 
derived (Fig 404) Fundamentally, nevertheless, these veins are but an elabo- 
ration of the original anterior cardinal svstein From them the blood passes 
caudad along the less modified portion of the anterior cardinals to enter the 
heart by way of the ducts of Cuvier A senes of small tributaries (dorsal 
segmental veins) return to the cardinal veins the blood distributed by the 
mtersegmental arteries Near the point where the anterior cardinal v em enters 
the duct of Cuvier, a well-developed branch brings back the blood from the 
mandibular region The vessel which thus returns the blood distributed bv 
the external carotid artery is the beginning of the external jugular letn (Fig 76) 
The anterior cardinal vein itself is later known as the internal jugular tein 

In very young embryos, the posterior cardinal veins arc the only conspicu- 
ous venous channels draining the caudal half of the body (Fig 74) By si\ 
weeks, however, new vessels have appeared, and, while the relative position 
of the posterior cardinals as vessels lying dorsal to the mesonephroi remains 
unchanged, much of the blood formerly returned by them now reaches the 
heart over new channels As a result, the posterior cardinal v'Cins m the mid- 
mesonephric region begin to undergo regressive changes The new vessels 
which thus bring about the diversion of the blood from the posterior cardinals 
are the subcardinal leins "SSTien they first appear, these vessels are but an 
irregular plexus, tributary to the posterior cardinals (Fig 403, A) The 
organization of longitudinal channels in these plexuses establishes the mam 
subcardinal veins as vessels extending cephalad m the ventromesial border 
of the mesonephroi, parallel with and ventral to the posterior cardinal veins 
In the cephalic part of the mesonephros, the newly established subcardinal 
blood stream enlarges some of the small channels already entering the 
posterior cardinal and discharges through them into the posterior cardinal 
vein (Figs 75, 403, B) 

With the growth of the mesonephroi the rapidly enlarging subcardinal 
veins are brought very close to each other Where they are approximated. 
Cross-communication is established, first by small vessels (Fig 403, B) and 
then by a broad mJer5ii6cardmal anastimosis (Figs 65, 76, 403 G, D) The large 
median subcardinal lenous sinus thus formed probably offers less resistance to 
the flow of blood than surrounding channels, m any case, all the vessels 
connecting w ith it tend to dram toward it 

One might expect that the great t-olume of blood entering the subcardinal 



132 


ESTABLISHING OP ORGAN SYSTEMS 


intercostal arteries, retaining even m the adult their original segmental arrange- 
ment (Fig 397) 

When first formed, the dorsal aorta is, as wc have seen, a paired vessel 
This paired condition is retained m the branchial region, but caudally the 
two primitive aortae soon fuse with each other to form a median vessel (Fig 
396) The fusion first occurs in the mid-body region and extends thence 
ccphalad to about the level of the anterior appendage buds and caudad 
throughout the length of the aorta (Fig 68) 

In young embryos, the most conspicuous vessels arising from the dorsal 
aorta vcntrally arc the omphalomesenteric arteries which arc prolonged as the 
vitelline arteries to the yolk-sac, and the allantoic or umbilical arteries to the 
vascular plexus of the chorion (Figs 74, 398) These vessels arise from the 
aorta before its fusion, and, being derived by enlargement of its primitive 
ventral segmental branches nt the levels concerned, arc at first paired — right 
and left The umbilical arteries retain their paired condition, but when the 
body IS closed vcntrally the right and left omphalomesenteric roots arc 
brought together in the mid-Iinc and fuse with each other to form a median 
vessel running in the mesentery (Fig 396) \Vith the early degeneration of 
the yolk-sac, this vessel becomes relatively less conspicuous and is known as 
the superior mesenteric artery (Figs 68, 398) Its original relations are, neverthe- 
less, apparent from its course along the intestinal loop into the belly-stalk to 
the place where the small yolk-sac still retains its attachment to the gut 

Somewhat cephalic to the supenor mesenteric artery, the celiac arterj. 
arises m a similar manner and extends in the mesentery toward the gastric 
region of the gut tract (Figs 68, 398) In the adult, the celiac, superior mesen- 
teric, and inferior mesenteric arteries constitute a group of vessels which one 
naturally thinks of together because of their similar ventral origin from the 
aorta, their course through the mesenteries, and their termination m the 
gastro-intestmal tract The inferior mesenteric artery is still inconspicuous in six- 
week embryos It arises from the aorta caudal to the other two enteric vessels 
in a similar manner but at a slightly more advanced stage of development 
(Fig 398) 

At mid-body levels, the aorta gives off laterally many small mesonephric 
branches These vessels feed the capillary plexuses (glomeruli) m the dilated 
ends of the mesonephric tubules and the network of capillaries which sur- 
round the tubules themselves (Fig 339) Individually, these branches are very 
small, but the volume of blood they handle collectively is surprisingly large 
as evidenced by the size of the veins (post- and subcardinals, Fig 403, A, B) 
which dram the mesonephroi 

Veins The mam vessels servmg to collect the blood which is distributed 
to all parts of the embryo by branches from the aortae are the cardinal veins 
They arise by an entirely similar process, but become clearly defined some- 
what later than the aortae Th^e arc at first two pau-s of these vessels, the 
anlerWT cardinal veins draining the cephalic, and the posterm cardinal vans 
draining the caudal region of the body At the level of the heart the anterior 
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cardinal vein for a short distance and thenc, Jiy the "Cidy --a^ed chan 
nek m the mesentery, through the liver to the heart (Fig 403) 1 he later 
changes involved in the formation of the embryologically composite inferior 

vpna cava, will be taken up in Chapter 19 

Extra-embryonic Extensions of Circnlation In addition to the vesse s 
limited m their distribution to the body of the embryo, there are conspicuous 



Fig 77 Dc\ elopment of > olk-sac blood islands A-C arc camera lucida draw- 
ings reproduced X 355 A, Early stage in aggregation of cells ben%ecn entoderm 
and splanchnic mesoderm in yolk-sac of an embryo early m fourth week (17 
somites) B Beginning of differentiation of endothelium and primitive blood 
cells from an embryo of about four weeks (4 5 mm ) C, A more advanced area 
from a four-week embryo showing endothelium well differentiated and cor- 
puscles suspended, free, in plasma D, The Comer 10-somite embryo showing 
location of young blood islands on yolk-sac 


channels leading beyond the confines of the body to the yolk-sac and to the 
placenta The mam arteries from the aorta to the yolk-sac are called the 
omphalomesenterics and their terminal branches the vitellines In the splanch- 
nopleure of the yolk-sac, the mam omphalomesenteric vessels are continuous 
with a rich plexus of small tributaries, the vitelline vessels These smaller blood 
vessels can be traced into prevascular cords of mesodermal cells as yet not 
hollowed out In these cellular cords are frequent knotlike enlargements, 
known as blood islands (Fig 77, A), containing not only cells which are des- 
tined to form V ascular endothelium but also cells which will give rise to blood 
corpuscles In the differentiation of a blood island the peripherally located 
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cardinal vein for a short distance, and thence, bv the newly excavated chan- 
nels in the mesentery, through the liver to the heart (Fig 403) The later 
changes involved in the formation of the embryologically composite inferior 
vena cava will be taken up in Chapter 19 

Extra-embryonic Extensions of Circulation In addition to the vessels 
limited in their distribution to the body of the embryo, there arc conspicuous 



Fig 77 Development of yolk-sac blood islands A-C are camera lucida dra^v- 
ings, reproduced X 355 A, Early stage m aggregation of cells beUvecn entoderm 
and splanchnic mesoderm in yolk-sac of in embryo early m fourth week (17 
somites) B, Beginning of differentiation of endothelium and pnmitne blood 
cells, from an embry o of about four weeks (4 5 mm ) C, A more advanced area 
from a four-week embryo showing endothelium well diff'ereniiated and cor- 
puscles suspended, free, in plasma D, The Comer 10-somitc embryo showing 
location of young blood islands on yolk-sac 

channels leading beyond the confines of the body to the yolk-sac and to the 
placenta The mam arteries from the aorta to the yolk-sac are called the 
omphalomesenterics and their terminal branches the vitellines In the splanch- 
noplcure of the yolk-sac, the main omphalomesenteric vessels are continuous 
with a rich plexus of small tributaries, the ittelline vessels These smaller blood 
\essels can be traced into prevascular cords of mesodermal cells as yet not 
hollowed out In these cellular cords are frequent knotlike enlargements, 
known as blood islands (Fig 77, A), containing not only cells which are des- 
tined to form vascular endothelium but also cells tvhich will give rise to blood 
corpuscles In the differentiation of a blood island the peripherally located 
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cells become flattened and somewhat separated from the rest of the mass 
(Fig 77, B) Eventually, they become arranged as a coherent investing layer, 
a single cell m thickness, and clearly endothelial in nature Meanwhile, fluid 
accumulates inside the endothelium and the inclosed cells which lay toward 
the center of the original mass become rounded and take on the charac- 
teristics of primitive blood corpuscles (Fig 77, B, C) 

As the endothelial vesicles enlarge, they become confluent with similarly 
diflerentiatmg blood islands (Fig 77, C) with the resulting formation of a 
plexus of freely anastomosing endothelial tubes, the primordial capillary bed 
of the yolk-sac The collecting veins of the yolk-sac, known as the itteUine 
veins, become confluent m a pair of mam veins passing from the yolk-stalk 
cephalad in close relation to the developing liver and discharging into the 
smus venosus These mam vessels arc most properly called the omphalomesen- 
ieric veins (Fig 74), but this word is so cumbersome that the term vitelline 
veins is quite widely used to cover both the venous channels in yolk-sac walls 
and the mam trunks by which they discharge to the heart 

Two factors operate to change, at a very carl> stage, the original relations 
of the vitelline vessels As the reduced yolk-sac contributes less and less blood 
to them distally, they receive new tributaries proximally from the intra- 
embryonic portions of the gut tract At the same time, the growing liver en- 
croaches on and breaks up their proximal portions so tint instead of being 
returned to the heart by direct mam channels the blood is routed through the 
maze of small channels ramifying among the developing cell cords of the 
liver We can see m these changes the beginnings of the portal cu*culation of 
the adult (Figs 406, 407) 

Even more conspicuous than the vitelline vessels are those which constitute 
the second extra-embryonic extension of the vascular system — the allantoic 
circuit In human embryos, the allantoic diverticulum from the hmdgut is 
small (Fig 70), but the allantoic mesoderm and vessels spread out on the 
inner face of the chorion just as they do in more primitive forms m which the 
allantoic lumen is capacious (Fig 78) This allantoic circulation, as we shall 
see when we consider placentation, becomes the embryo’s channel of meta- 
bolic interchange with the maternal uterine circulation 

The mam arteries leading to the allantois are known either as the allantoic 
arteries from their destination, or as the umbilical arteries because they traverse 
the umbilical cord They arise from the caudal ends of the dorsal aortae when 
the aortae are still paired vessels Even after the primitive dorsal aortae have 
fused to form a simple median vessel, the umbilical arteries retain their 
original paired condition Passing along the belly-stalk, which is the fore- 
runner of the umbilical cord, they branch out into small vessels terminating 
m the chorionic villi (Figs 74, 78) I 

The allantoic or umbilical veins which return the bldod from the chorion 
to the heart are at first paired vessels traversmg the belly-stalk and the lateral 
body- walls of the embryo (Figs 55, F, 74) Their original 'direct course through 
the body walls to the smus venosus does not, however] long persist As was 
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the case with the vitelline circulation, the growing liver interrupts the um- 
bilical veins The underlying factor in this process is the e\tensi\e growth of 
the liver which brings it into contact with the lateral body-^valls in ^vhlch the 
umbilical veins are embedded Fusion follows the contact and small vessels 
develop bebvecn the umbilicals and the neUvork of channels in the hver 
(Fig 406, B) As these new vessels develop, the portions of the umbilical veins 
c( phahc to them gradually drop out altogether and all the placental blood 
passes through the hver (Figs 75, 76, 406) 

With the completion of this change m the umbilical circulation, the liver 
has become the common path of return for both of the original extra-em- 
bryonic circuits and most of the mtra-cmbryonic circulation of the posterior 
half of the body Only the dwindling current of the postcardinals and the 
unchanged anterior cardinal circulation now enters the sinus venosus without 
first traversing the hver When we consider all this volume of blood passing 
through one organ, it leaves little room for surprise at the relatively enormous 
bulk attained bv the liver in mammalian embrvos 

The Three Arcs of Embryonic Circulation B> way of a simplified 
summary, emphasizing us functional significance the earlv embryonic vascu- 
lar system can be resolved into three distinct sets of afferent and efferent 
channels Each set of these mam channels, with its interpolated capillary 
beds, can conveniently be called a circulatory arc One of these arcs we may 
designate as intra-embryonic In this arc, the blood pumped by the heart is 
distributed by the aortae to the embryonic body Small branches from the 
aortae break up locally into capillaries which bring the blood into intimate 
relation with the developing tissues, facilitating the passing on to them of 
oxygen and food materials, and relieving them of the waste products of their 
metabolism The blood is then collected by the cardinal veins, and the other 
venous channels which later arise m association with them, and returned to 
the heart 


The other two arcs are the vitelline, which runs to the yolk-sac, and the 
allantoic or umbilical to the chorion (Fig 74) Both these arcs start within 
the embryo, for the heart serves as a common receiving and pumping station 
and the aorta as a common distributing mam, for all three of the circulatory 
arcs But because their mam vessels extend outside the body with their 
terminal ramifications in the extra-embryonic membranes, these latter arcs 
are ordinarily spoken of as extra-embryonic 


We see m the vitcllmc arc the strong imprint of phylogeny 1 he ancestral 
stock from which the higher mammalian types have evolved had a large 
yolk-sac well supplied with food material stored m advance by the mother 
The development, m such forms, of a special circulatory arc by means of 
which this raw material for growth might be absorbed and transported from 
the yolk-sac to the body of the embryo for utihaatiou was the logical outcome 
Higher mammals, although no longer dependent on food stored as yolk for 
their growth, still go through the inherited motions of forming a yolk-sac 
and a vitelline circulation ® ' 
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The allantoic arc is phylogcnctically less ancient than the vitelline 
Instead of being a regressing mechanism, as is the vitelline arc, it reaches its 
greatest development m mammals In young mammalian embryos, it is the 
means of projecting embryonic vessels onto the inner face of the chorionic 
vesicle, thereby bringing the embryonic blood suflicicntly close to the uterine 
blood of the mother to permit of the interchange of food, oxygen, and waste 
materials It is but natural that this cxtra-cmbryonic extension of the circula- 
tion should appear very early and carry a relatively large amount of blood 
It is on this arc that the yolklcss embryos of higher mammals arc dependent 
for the metabolic interchanges without which their development would be 
impossible 

Beginning of the Circulation of Blood It is naturally a matter of con- 
siderable interest to know when conditions in the growing circulatory system 
have progressed to a point which makes possible the propulsion of blood 
through the developing heart and vessels No direct observations have been 
made on the beginning of the circulation of blood in man But, reasoning from 
conditions known to exist in other embryos kept under continuous observa- 
tion by tissue-culture methods, wc would probably not be far astray m placing 
the first heart beats of the human embryo as occurring at about the transition 
from the third to the fourth week of development 

In chick embryos, where the first cardiac contractions and the beginning 
of the circulation of blood have been observed and recorded by micromov ing- 
picturcs, the first beats arc spasmodic and interspersed witli quiescent periods 
There is a considerable interval between the time the first contractions of the 
growing heart muscle occur, and the beginning of the circulation of blood 
One can, to speak figuratively, think of this as a period during which the 
heart is exercising itself and building up its contractile power until it is suf- 
ficient to set the blood in motion 

Meanwhile, corpuscles arc being formed m the yolk-sac blood islands, and 
the venous channels leading to the heart can be seen to contain fluid At first, 
this fluid is devoid of corpuscles, but just before the actual circulation of 
blood begins, a few corpuscles can be seen in the veins, freed from their 
parent cell clusters and shuttling back and forth with each heart beat The 
heart has now apparently developed sufficient power to propel the blood, cor- 
puscles are formed, and there is a fluid vehicle m the vessels As soon as the 
gradually developing maze of small peripheral channels opens the connections 
between arteries and veins, a jerky progression of the corpuscles replaces their 
shuttling movement and the circulation of blood has commenced If the 
sequence of events in the human embryo k comparable to that in the chick, 

It would be four or five days after the heart showed its first twitching before 
it set the blood in motion — probably some time early m the fourth week of 
development 
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Fetal Membranes and Placenta 

FORMATION AND PRIMARY RELATIONS 
OF FETAL MEMBRANES 

In dealing with the establishment of the embry onic body , w e hav e already 
seen that there arc cellular layers extending far beyond the region m which 
the embryo itself de\ elops These peripheral membranes are of ser\'ice during 
embrvonic life as a means of protection and as a means of securing food and 
oxygen and eliminating waste materials Because they are not incorporated 
in the body of the embryo but discarded at the time of birth, thc\ arc called 
extra*embryonic or fetal membranes The c\tra-cmbry onic membranes that 
are common to the air-hving vertebrates as a whole and may, therefore, be 
called primary are the yollvsac, the amnion, the serosa, and the allantois 
In higher mammals, m which the embryo receives no heritage of yolh, and 
IS consequently dependent on establishing intimate relations with the mater- 
nal uterine circulation, the allantois and serosa are especially elaborately 
developed 

Although It IS primarily the condition of the fetal membranes m human 
embryos in which we are interested, some of the relations of these membranes 
in less highly specialized forms help greatly in understanding the conditions 
m man For the beautifully efficient organic mechanisms seen in higher forms 
do not appear suddenly out of nothing but are evolved by utilizing, either 
directly or vMth some new modification, structures already present m an- 
cestral forms Thus, the yolk-sac is essentially a dilated portion of the primi- 
tive gut, the amnion and the serosa arise as voluminous folds from the \ entral 
body-walls, and the allantois is a distal extension of the primitive bladder 
So, also, when we consider from this viewpoint the special organ of inter- 
change between a mammalian embryo and its mother, know n as the placenta, 
we find Its fetal part developed from a combination of two of the primary fetal 
membranes, the allantois and the serosa These membranes fuse to form the 
chorion, and the chorion then fuses with the lining of the uterus to form the 
placenta 

Yolk-sac In mammals, although there is virtually no yolk accumulated 
in the ovum, a yolk-sac is formed in the young embryo just as if volk tv ere 
present Such persistence of a structure, m spite of the loss of its original func- 
uncommon phenomenon in evolution, and has given rise to 
t e lological aphorism that “morphology is more conservative than physi- 
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ology ” Not only docs the yolk-sac itself persist, but even the blood vessels 
characteristically associated with it in its functional condition appear m their 
ancient pattern in the walls of the empty yolk-sac of mammalian embryos 
(Fig 74) When the mammalian >olk-sac is spoken of as a vestigial structure, 
therefore, we must bear in mind that such a statement has reference primarily 
to Its original function Morphologically, it is of considerable size m young 
embryos and its walls arc an important temporary center of blood formation 

The yolk-sac may be defined as lint part of the primitive gut which is not 
included within the body when the embryo is “folded off” In dealing with 
the formation of the digestive tube, we ha\ c already sufiicicntly considered the 
processes which thus establish the boundaries between the yolk-sac and 
the mtra-embryonic portion of the original gut cavity (Figs 70, 71) In the 
human embryo, the yolk-sac is most conspicuous between the ages of two and 
six weeks (Fig 79) By si\ weeks, it may attain a diameter of as much as 5 mm 
However, even at this stage it is being overshadowed rapidly by the relatively 
greater growth of the embryonic l>ody In well-preserved chorionic vesicles 
of the second month, opened with due care, it may be seen in the region of 
the belly-stalk as a small vesicle at the end of a slender stalk (Figs 60, 61, 
actual size insets, lower right) 

As the belly-stalk is inclosed m the amnion and transformed into the 
umbilical cord, the yolk-stalk is embedded in the cord, and the small yolk-sac 
IS carried out to be caught between the amnion and the growing placenta 
(Figs 79, 85, C) Even m the fuU-ttrm placenta, the yolk-sac, ordmanly 
concealed under the adherent amnion, usually can be located by careful 
dissection It then appears as a shrunken vesicle partly filled with detritus, 
lying not far from the insertion of the cord into the fetal face of the placenta 
(I^ig 95, C) 

Amnion In such forms as the chick (Fig 78, A) or the pig (Fig 78, B), 
the amnion arises as folds of extra-embryonic somatopleure which gradually 
envelop the growing embryo When the amniotic sac is completed, it becomes 
filled with a watery fluid in which the embryo is suspended This suspension 
of the embryo in fluid, by equalizing the pressure about it, serves as a protec- 
tion against mechanical injury At the same time, the soft tissues of the 
growing embryo, being bathed in fluid, do not tend to form adhesions with 
consequent malformations That the functional significance of the amnion 
lies along such lines seems indicated by the fact that an amnion appears only 
in the embryos of non-water-livmg forms The amnion may be characterized, 
perhaps more picturesquely than scientifically, as a sort of private aquarium 
in which the embryos of air-Iiving forms recapitulate the water-living mode 
of existence of remote ancestral types 

All mammalian embryos form the amnion at a relatively early stage of 
development In human embryos, instead of arising by a leisurely series of 
foldings of the somatopleure as m the chick or pig, the amnion is formed, as 
It were hurriedly and m a slurred-over fashion In fact, the amniotic cavity 
appears even before the body of the embryo has taken definite shape In the 
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Fig 78 Diagrams showing interrelations of embryo and evtra*embryomc 
membranes characteristic of higher vertebrates Neither the absence of yolk 
from Its yolk sac, nor the reduction of its allantoic lumen radically changes the 
human embryo’s basic architectural scheme from that of more primitive types 

cate that it must have arisen rather by cell rearrangement than by the sort of 
folding process seen in lower forms Nevertheless, once it is established, its 
germ-layer composition, and its relations to the embryonic body and to the 




142 


FETAL MEMBRANES AND PLACENTA 


Other extra-cmbryonic membranes, leave no doubt as to the homoJogies of 
the primate amnion (Fig 78) 

In young embryos, the amnion is attached to the body where the body- 
wall opens ventrally m the region of the yolk-stalk (Figs 70, 71, 79) As 
development advances, tins ventral openmgin the body-wall becomes progres- 
sively smaller, Us margins being known finally as the umbilical ring Mean- 
while, the yolk-stalk and the allantoic stalk, in the same process of ventral 
closure, arc brought close to each other Together with their associated 
vessels, the yolk-stalk and the allantoic stalk then constitute the belly-stalk 
(Fig 79) The amnion, at this stage, as it is reflected from Us point of con- 
tinuity with the skin of the body at the umbilical ring, begins to cover the 
proximal part of the bcJIy'-stalk before recurving as n free membrane inclosing 
a fluid-filled space about the cmbr )0 

Still later in development, the amnion becomes expanded until it fills 
the entire cxtra-cmbryonic coelom (Fig 79, E) As it extends distally from 
the umbilical ring of the embryonic body, the amnion is now closely applied 
to the entire length of the belly-stalk, providing it with an epithelial covering 
The belly-stalk itself, meanwhile, is elongating rapidly and m us new con- 
figuration becomes known as the umbilical cord Thus, during the latter part 
of pregnancy, the amnion, distally, is reflected from the umbilical cord to the 
inner wall of the placenta to which it eventually becomes adherent (Figs 79, 
E, 92) 

Serosa Because ic was known descriptively long before us homologies 
were understood, the outer layer of the mammalian blastocyst has been called 
by various names In the mner-ccll-mass stage of the embryo, the outer layer 
of the blastocyst is most commonly called the trophoblasl The term is quite 
appropriate for the prefix troph- (Greek root = to nourish) suggests the part 
this layer is destined to play m the acquisition of food material from the 
uterus, and the suffix -blasl takes into account Us proliferative activities which 
are highly characteristic Another term for the same layer which emphasizes 
Us homology with the serosal ectoderm of birds and lower mammals is 
trophectoderm 

The trophoblast, or trophectoderm, at a very early stage becomes rein- 
forced by a layer of mesodermal cells, and recognition of this fac-t becomes 
necessary m its designation Two different terms may be used to cover this 
double outer layer of the blastocyst Trophoderm is widely used by those work- 
ing especially in mammalian embryology where the importance of this layer 
in the nutrition of the embryo is so conspicuous Those especially interested 
in comparative embryology are quite likely to use the term serosa for this 
layer, thus emphasizing its evident homology with the membrane so desig- 
nated in birds (Fig 78, A), reptiles, and lower mammals (Fig 78, B) These 
alternative names are not difficult to master if we understand they are both 
appropriate terms selected to emphasize somewhat diff'erent aspects of the 
same structure At this point, our interest should center on understanding 
this membrane as an extra-embryonic la)^r of somatopleure similar in genr 
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layer composition, and homologous in us relationships, with the serosa of 
more primitive forms When the human chorion and placenta arc discussed, 
the manner in which this membrane is involved in the establishing of fctal- 
matcrml metabolic relations will call for more detailed consideration 

Allantois Almost as soon as the hindgut of the embr>o is established, there 
arises from it a diverticulum known .is the allantois The allantoic wall, 
because of its manner of origin, is necessarily composed of splanchnoplcure 
(Fig 70) In birds, reptiles, and most of the lo>vcr mammals, the distal part of 
the allantoic diverticulum becomes dilated into a sac which pushes out into 
the extra-embryome coelom The human allantois exhibits only a rudimentary 
tubular lumen confined to the belly-stalk region, but its mesoderm and blood 
vessels grow out beyond its lumen in a manner which is entirely comparable 
to the relations of the allantoic vessels m more primitive forms with a saccular 
allantois (Fig 78) Regardless of diflcrcnccs m Us shape or in the size of its 
lumen, the allantois in Us extension distnlly tends ultimately to come in con- 
tact with, and become fused to, the inner face of the serosa 

Chorion The term chorion is applied to the fetal membrane secondarily 
formed by the coalescence of the allantois with the serosa In forms which have 
a saccular allantois (e g , pig, Fig 78, B), the clionon is essentially a layer of 
allantoic splanchnoplcure fused, mesodermal face to mesodermal face, with 
a layer of serosal somatopicurc In primate embryos where the lumen of the 
allantois is rudimentary, tlic formation of tlic chorion differs m that the ento- 
derm IS not involved Allantoic mesoderm and vessels, liowever, extend distally 
beyond the rudimentary allantoic lumen and spread over the inner face of 
the serosa, establishing the same essential relationships as m less highly 
specialized forms (cf Fig 78, B, C) How far the allantoic lumen extends is of 
entirely secondary importance, for the chief functional significance of this 
fusion between the allantois and the serosa lies in the vascular relations 
involved 

In the lower mammals, to which we must look for an understanding of the 
origin of these essential relationships, the serosa is a thin membrane extending 
to relatively great distances from its site of origin from the ventral body-walls 
(Fig 78, B) Its primary vascular supply, as might be expected from these 
relations, is ipeager Moreover, the manner in which the amnion arises from 
the inner limbs of the same folds which form the serosa (Fig 78, B) is of signifi- 
cance in this matter of blood supply, for when the amnion is pinched off as a 
separate sac, the original connection of the serosa with the embryo is so 
interrupted as to make mechanically difficult the maintenance of even the 
original small vascular connections 

It IS the allantois that offers the solution to this impasse As it grows out 
from the hindgut of the embryo, it early develops in its walls a rich plexus of 
vessels This plexus, in turn, by lai^e arteries and veins connects directly with 
the mam circulatory channels within the embryo (Fig 74) The fusion of the 
allantois with the inner surface of the serosa, therefore, brings to this hitherto 
poorly vascularized layer an abundant circulation In different groups of 
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animals, there are different details m the interrelations of the component parts 
of the chorion, and the chorion meets radically different environmental 
conditions Newnheless, the fundamental significance of this mechanism of 
vascularizing the outermost membranes of the embryo is the same Whether 
It be a bird embryo dependent on this circulation for carrying on gaseous ex- 
change with the outer air through the porous shell, or a mammalian embryo 
dependent on it for carrying on metabolic interchange with the uterus, does 
not change the essentials of the situation The outermost investing membrane 
of an embryo is inevitably the layer most favorably situated for carrying on 
the business of interchange with the surrounding env ironmcnt, and to profit 
by this interchange the embryo must have abundant vascular channels com- 
municating with the site where these exchanges take place If, in dealing u ith 
the chorion, attention is focused on these characteristic and vitally important 
vascular relations, and on the manner in which they arc established, the funda- 
mental homologies between the human chorion and other more primitive 
types of allantoic chorion are readily apparent Only when undue emphasis is 
placed on such incidental matters as the size of the allantoic lumen is the 
picture clouded 

HUMAN FETAL-MATERNAL RELATIONS 
Preparation of Uterus and Embryo for Implantation Having laid a 
foundation by learning something of the manner of origin and the interrela- 
tions of the primary extra-embryonic membranes and the chorion, w c can now 
turn our attention more specifically to the relations of the human embryo and 
Its membranes to the uterus For successfully establishing itself m the uterus, 
it IS essential that the embryo should arrive there at a favorable time The 
general relations between ovuilation and the cyclic changes m the uterus have 
already been outlined in connection with fertilization It will be recalled that 
the time at which ovulation usually occurs in women is about 11 to 15 days 
after the onset of the preceding menstrual period (Figs 24, 26) When fertiliza- 
tion occurs, It probably takes place shortly after ovulation, while the ov um is 
in the utt rine tube near its fimbriated end 

On the basis of what is known of the piocess in other mammals, it seems 
probable that the human ovum takes from three to four days to pass through 
the tube The precise mechanism of its propulsion is not, as vet, known with 
certainty It seems doubtful that the action of the cilia of the epithelium lining 
the tube IS alone responsible for moving the ovum, as was formerly supposed 
Probably the muscular contractions of the tube, which are known to be in- 
creased in vigor at about the time of ovulation, are also of considerable impor- 
tance Whatever the significance of the cilia may be m propelling the ovum, 
another aspect of thur activity must not be overlooked By creating an out- 
vv ard mov ement of fluids in the uterine tubes, the cilia tend to furnish a certain 
degree of protection against ascending infections 

In most mammals studied, the passage of the ov um through the upper part 
of the tube seems to be relatively more rapid It ,s not known whether the 
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retardation observed in tlic lower part of the tube is due to its smaller lumen, 
or to lessened activity of the tube because of the increasing interval since ovu- 
lation occurred, or to some other factor as >ct unsuspected Whatever may be 
the exact length of time involved, or the local variations m the rate of its prog- 
ress, during its journey through the tube tlic ovum is undergoing cleavage 
Presumably it arrives in the uterus as a )oung embryo in the morula stage 
(Pig 34, A, B) With reference to the uterine cycle, the time of the arrival of 
theembry’o m the uterine cavity would be, on the average, about 16 to 18 days 
after the beginning of tlic preceding menstrual period This is a time when the 
uterine mucosa has become greatly thickened, and its glands arc becoming 
increasingly activ’c — in other words, when it is coming into a favorable state 
for the reception of a young embryo 

But uterine preparation alone is not su/Iicicnt for implantation The em- 
bryo Itself must be in a condition to take advantage of the favorable nesting 
place If It IS like other mammalian embryos, when it first arrives m the uterus 
the young hunnn embryo is still incased in a thick protective membrane, the 
zona pcllucida This means that the outer layer of cells by which its attach- 
ment is effected can not as yet even make direct contact VMth the uterine lin- 
ing Following Its entrance into the uterus, there appears to be a period of 
about five or si\ days during which the embryo remains unattached in the 
uterine cavity It seems probable that during this time the embryo is depend- 
ent for Its nutrition on the glycogcn-containing secretion of the cactive uterine 
glands Human embryos during tins unattached period and m the earliest 
phases of attachment have not as yet been secured for study, but fortunately 
the brilliant work of Heuser and Streeter on these stages m monkeys gives us 
a very circumstantial picture as to what the corresponding stages are probably 
like in man 

The first striking change m the embryo during the period it spends m 
the uterus before implantation is the hollowing out of the morula by cell re- 
arrangement In this process there is formed the so-called blastodermic v es- 
icle (Fig 34, C-E) We have already traced the development of the inner cell 
mass of such a vesicle into the primitive embryonic body and the closely asso- 
ciated amnion and yolk-sac From the standpoint of embryonic preparation 
for implantation, the disintegration of the zona pellucida (cf Fig 34, D, E) 
IS the most significant event This allows rapid expansion of the trophoblast 
layer, and permits its cells for the first time to make contact with the uterine 
lining 


Fig 80 Photomicrographs showing implantation of monkey embryo (After 
Heuser and Streeter, Carnegie Cont to Emb , Vol 29, 1941 ) A, Section 
(X 350) of embryo of ninth day showing its initial adhesion to uterine epi- 
thelium B, A nine-day embryo attached to uterine mucosa, viewed from 
above, X 50 C, Same embryo photographed from the side, X 50 D, Same em- 
bryo shown in B and C after sectiomt^, photomicrograph X 200 E, Embryonic 
area of same embryo, photomicrograph X 500 F, A ten day embryo beginning 
to invade the uterine mucosa, photomicrograph X 200 
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Implantation Wficn freed from the 7ona pcllunda, the troplioblast cells 
of the living bhstodcrmic vesicle handled in physiological silinc solution arc 
noticeably sticky This chanctcnstic appears to be most marked m the cells 
directly overlying the inner cell mass, and the bkistodcrmic vesicle tends to 
adhere by this part of Us surface to the uterine lining (Fig 80, A~C) The 
initial point of adhcsidn is rapidly extended (cf Tig 80, A, D) In this process, 
there may be small areas of less intimate adhesion (Fig 80, D, E), Icav mg, for 
a brief time, tiny vesicular spaces between the embryo and the uterine lining 
Such spaces, however, arc very short-lived, for almost as soon as adhesion has 
occurred the troplioblast begins to proliferate rapidly and to erode the under- 
lying uterine mucosa (Fig 80, T) In this process the small, irregularly shaped 
capillaries (sinusoids) of the uterine mucosa arc opened and maternal blood 
oozes into the tissue spaces adjacent to the growing trophoblast cells of the 
blastodermic vesicle (Fig 81) The invasion of the uterine mucosa, thus com- 
menced, progresses very rapidly In a carefully timed senes of monkey em- 
bryos, the first adherence of tlic blastocyst to the uterine lining was found to 
occur on the ninth day after fertilization, the burrowing process was far 
advanced on the tenth day, and by the eleventh day the embryo had com- 
pletely buried itself in the uterine mucosa 

Recently Hcrtig and Rock have recovered a human embryo m a stage of 
implantation closely similar to that shown for the monkey in Fig 80, F It 
was shortly after implantation occurred that these same workers had previ- 
ously (1941) secured two of the best-preserved young human embryos as yet 
recovered The younger of these specimens is estimated to have a fertilization 
age of about 10 or 11 days It appears to have been implanted in the endo- 
metrium for little more than a day or two because, on the basis of what hap- 
pens in the monkey, it should take just about that time after its first attachment 
for the embryo to become completely buried m the mucosa (Fig 41) More- 
over, the clinical history indicates about such an age, and the general structure 
of the embryo (Fig 43) is closely similar to monkey embryos known to be of 
that age 

The patient from whom the specimen was obtained had been under obser- 
vation for some time for a condition which finally made removal of the uterus 
advisable Since the possibility of an early pregnancy was suspected at the 
time of operation, the removed uterus was opened with unusual care Because 
of the uniqueness of the specimen obtained, the authors’ description of its 
appearance in the fresh condition is quoted verbatim “On the posterior wall 
1 2 cm from either lateral margin of the uterine cavity, and 6 mm from 
Its posterior boundary, was a slightly raised, pale gray, glistening, translucent 
area slightly less than 1 mm in diameter, interpreted as the implanted ovum” 
(Hertig and Rock, 1941, p 132) The adjacent area of the endometrium was 
markedly reddened due to the «ctravasation of blood from the sinusoids which 
had been opened by the invading trophoblast (see Fig 83) This reddened area 
appears dark m the photograph here reproduced as Fig 82, A The uterine 
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Fig 82 Photomicrographs of implantation sites of ver> young human 
embryos (After Hertig and Rock, Camcgic Oint to Emb , Vol 29, 1941 ) 
A, Surface view, X 8, of uterine mucosa at implantation site of embryo 7d99, 
Carnegie Collection, estimated fertilization age 1 1 days B, Surface view, X 8> of 
uterme mucosa at implantation site of embryo 7700, Carnegie Collection, 
estimated fertilization age 12 days C, Same specimen and view as A, X 22 D, 
Same specimen and view as B, X 22 E, Same specimen as A, side view, X 22 
F, Same specimen as B, side view, X 22 






Fjg 83 Reconstructions of Hertjg-Rock Embryos to show their relations to 
uterine blood vessels A, General relations of embryo 7699 (X about 62 5) B, 
Key to A C, Reconstruction of embryo 7700 (X about 115) opened in sagittal 
plane (From Hertig and Rock, Carnegie Cont to Emb,, Vol 29, I94t ) 
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mucosa had rccloscd over the (.mbr>o and there remained only a minute pro- 
truding tag of coagulum (Fjg 82, E) marking the point of penetration 

Development of Chorionic Vilh Once the embryo is implanted, there 
follow rapid and profound changes in both the chorion and the endometrium 
Although these changes arc concomitant, their significance will be somewhat 
more readily understood if the earlier changes in the chorionic vilh arc fol- 
lowed before attention is directed to the uterine changes and to the relations 
of the Vilh to the endometrium 

The primordial cell masses from which the chorionic villi arc derived con- 
sist at first merely of proliferating clusters of trophcctodcrm cells As certain 



Fig 84 Early stages m development of chorionic vilh A, Primitive tropho- 
blastic projection without mesenchymal core (Redraivn, X 225, from Streeter’s 
photomicrographs of the Miller embryo ) B, Young villus just developing a 
mesenchymal core (Redra^vn to about the same scale as A, from Fischel s figure 
of an embryo in the primitive streaL stage ) 

of the cells of trophectodermal origin arc pushed peripherally, the> lose their 
cell boundaries and are spoken of as constituting the trophoblastic syncytium 
(Figs 43, 44, 84, A) Although these trophoblastic cell masses increase 
rapidly m extent, their early growth habits give rise to sprawling, anasto- 
mosing strands inclosing irregular spaces called lacunae (Figs 43, 84, A) 
rather than to anything suggestive of the typically shaped branching villi of 
older stages (Figs 88, 89) This early condition of the trophoblast is sometimes 
described as “previllous ” 

As embryos approach the end of the second week, the trophoblast begins 
to be molded into masses more suggestive of vilh These very young vilh at 
first consist entirely of epithelium, with no connective-tissue core In this 
stage, they are referred to as priimtive (or primary) villi (Fig 84, A) Theu- 
differentiation is very rapid, for even the previllous cell masses are already 
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beginning to show two types of cells The outer cells become large, lose their 
mterceUular boundaries, and run together m a syncytium called the syn- 
trophoblast (plasmoditrophoblast), while the deeper-lying cells which con- 
stitute the so-called cytotrophoblast (Langhans’ layer) remain smaller and 
maintain distinct boundaries 

The phase in which the de\ eloping villi lack a mesenchymal core is very 
short-lived While the primitive villi have been forming, the inner face of the 
blastodermic vesicle has been receiving an ingrowth of allantoic vessels and 
mesoderm Earl^ in the third week after fertilization, the mesoderm pushes 
into the primitiv e villi so that the trophoblastic cells, instead of constituting the 
whole structure, become a covering epithelial layer over a framework of 
delicate connective tissue derived from the mesodermal ingrowth (Fig 84, B) 
Blood vessels soon appear in the connectivc-tissuc core of the villus and push 
out into Its newly formed branches Such vilh, with a vascular connective- 
tissue core, are called “true” chorionic villi This condition m which the vilh 
are prepared for their absorptive function is reached by about the close of the 
third week The vilh retain this same general structural plan throughout 
pregnancy, although as gestation advances their connectivc-tissuc core and 
blood vessels become more highly developed and there are marked regressiv c 
changes in their epithelial covering (Fig 87) 

Invasion of Endometrium The invasive proclivities of the trophoblast 
continue actively for some time after the initial penetration of the endo- 
metrium As the primary' vilh grow out, they destroy the adjacent maternal 
tissue, probably through the action of some sort of proteolytic enzyme produced 
by the trophoblast cells constituting their outer layer This process makes more 
room for the growing chorionic vesicle, and it seems not improbable that the 
liquefied material from the disintegrating uterine cells may be utilized m the 
nutrition of the embryo pending the time when a more efficient mechanism 
of vascular interchange is established On this assumption, the liquefied mate- 
rial IS commonly called ^^embr^olroph ” 


Whatever the importance of the embryotroph may be for temporary 
nutrition, the invasion of the endometrium rapidly paves the way for estab- 
lishing the type of vascular interchange on which the embryo is to be depend- 
ent for the rest of its intra-utcnnc life As the trophoblast of the growing villi 
spreads out into the uterine mucosa, it inevitably comes into contact with 
small blood vessels and breaks down their walls While apparently the ame- 
boid trophoblast ceils tend to dam the opened vessels somewhat and check 
excessive extravasation of blood, there must, nevertheless, be continued oozing 
from the invaded vessels, for the trophoblast is known to produce some sub- 
stance which inhibits the coagulation of blood In addition, there is transuda- 
tion of blood serum and lymph so that the invading villi come to he m eroded 
areas of endometrium, saturated m maternal blood and lymph By this time 
the viUi themselves have become vascular, zed, as described above The small 
vessels of the v ilh are in open communication with the mam mtra-embryonic 
blood channels by way of the allantoic arteries and veins (Fig 74) It remains 
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only for the embryonjc heart to start the blood arculattng-, and the entire 
elaborately interlocking mechanism for the nutrition of the embryo is rcad> 
to go into operation As was pointed out m discussing the early appearance of 
the vascular system, we can place the lime of the establishing of the human 
embryonic circulation as being toward the close of the third or beginning of 
the fourth week after fertilisation, or approximately 10 or 12 days after its 
implantation 

Formation of Placenta Under the influence of the presence of an embryo, 
striking changes take place in the endometrium These arc most marked, 
naturally, at the site of implantation, but the entire uterine lining is affected 
m one way or anothci Tlius it is not surprising that at the termination of 
pregnancy the endometrium is extensively slouglicd off and then rebuilt This 
postpartum phenomenon of its shedding and replacement has given rise to the 
term decidua (root meaning, to shed) for the endometrium of pregnancy 

The fact that the human embryo promptly burrows into the endometrium, 
instead of becoming merely adherent as is the ease m certain other mammals, 
establishes at the outset positional relationships winch shape the later course 
of events As the chorionic vesicle grows, the overlying portion of the endo- 
metrium is stretched out over ii, forming a layer known as the decidua capsu- 
Ians (Fig 85) The portion of the endometrium lining the walls of the uterus 
elsewhere than at the site of attachment of the chorionic vesicle is called the 
dectduapanelalts The area of the endometrium directly undcrly’ing the chorionic 
vesicle IS termed the decidua basalts 

The absence of chorionic vilii m the decidua panctalis obviously leaves 
this part of the endometrium with no direct rdlc to play m the nutrition of the 
embryo It is equally obvious that the maternal blood supply is most direct 
and abundant m the decidua basalis Ckinditions m the decidua capsulans 
vary considerably at different ages At first, the chorion underlying this part 
of the decidua is as well supplied with vilh as any other region (Fig 85, A), 
but, before long, the grow th of the chorionic vesicle causes the decidua capsu- 
iaris to be pushed away from the maternal vascular supply Moreover, the 
tissue of the decidua capsulans itself becomes more and more attenuated as 
the chorionic vesicle increases in size These unfavorable conditions in the 
decidua capsulans are promptly reflected in the less exuberant growth of the 
chorionic vilh embedded m it (Fig 85, C) Thus the relations established when 
the chorionic vesicle first buned itself in the endometrium lead toward the 
decadence of the vilh m a large part of the chorionic vesicle 

In contrast with the chorionic vilh in the region of the decidua capsulans, 
the villi adjacent to the decidua basalis grow with increasing vigor Here is, 
unmistakably, the part of the mechanism most effectiv ely situated for carrying 
on metabolic interchange betv^een the fetus and the mother By the third 
month when the growth of the embryo begins to compress the decidua capsu- 
lans and panetalis against each other, the viUi begin gradually to disappear 
altogether from this area Thus the chononic vesicle, at first uniformly villated 
over Its entire surface, has by the end of the fourth month become denuded of 





Fig 85 Dlag^amssho^\lnguterusmcarl> %%eeXsof pregnancy Embryosand 
their membranes are drat\’n to actuil size tjterus is %\ithm actual size range — 
about correct for a small pnmipara A, At three weeks B, At five weeks C, At 
eight weeks fertilization age 
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Fio 86 Embryos and their membranes at three different stages of develop- 
ment A, University of Michigan Coll , EH 217 B, University of Michigan Coll , 
eh 152 C, Redrawn from Kollmann 
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US vilU everywhere except where they he in the decidua basalis (Figs 85, 86, 
92) The part of the vesicle under the decidua capsularis which has thus lost 
us vilU becomes known as the chorion laeve (smooth), and that part of the 
chorion next to the decidua basalis where the villi are highly developed is 
termed the chorion Jrondosum (tufted or bushy) It is the interlocked chorion 
frondosum and decidua basalis which together constitute the placenta This 
dual origin of the organ of metabolic interchange between embryo and mother 
IS emphasized in the Latin terms placenta Jetalts, which is just another name for 
the chorion frondosum, and placenta malerna, which is merely another desig- 
nation for the decidua basalis 

Later Changes in Structure of Uterus and Placenta From their first 
invasion of the uterine lining, the chorionic vilU he in excavated spaces in the 
endometrium, bathed in maternal blood and lymph (Fig 83) Essentially, 
this relationship is retained throughout pregnancy, but the extent of the blood 
spaces, the relations of the vilh to the endometrium, and the structure of the 
villi themselves, are all modified m detail as development progresses During 
the first few weeks after implantation, the invasion of the endometrium 
IS exceedingly rapid, and the area which is becoming decidua basalis is 
progressively extended (Fig 85) In this period, the syntrophoblast is very 
conspicuous, forming sprawling, branching processes extending into the endo- 
metrium far beyond the mam mass of the chorionic vesicle By the third week, 
the placenta involves about one-fifteenth of the internal surface of the uterus 
At the end of the eighth week, the placental area has become nearly a third 
of that of the uterus Its greatest relative size is reached during the fifth month, 
when the placental area is roughly half that of the interior of the uterus In 
the last months of pregnancy, the relative expansion of placental area is less 
rapid, although its absolute growth continues and it becomes as much as three 
or four times the thickness it had reached at mid-pregnancy 

Once the chorion has become well established in the uterus, the invasive 
process becomes relatively slower, merely keeping pace with the growth of 
the embryo The slower rate of invasion is reflected m a reduction of the syn- 
trophoblast to form a more regularly arranged covering outside the cyto- 
trophoblast layer of the villus Meanwhile, the mesenchymal core of the villus 
has become organized into a delicate connective tissue supporting the endo- 
thelial walls of the blood vessels so that the entire villus takes on a much more 
definitely organized appearance (Fig 87) Scattered m the connective tissue 
there appear, m variable numbers, cells which are conspicuously larger than 
the ordinary connective-tissue cells These have been given the name of ^fo/- 
bauer cells, after the man who first described them Their significance is not as 
yet entirely understood, but they appear to be phagocytic and are commonly 
believed to act as a primitive type of macrophage 

In the established parts of the placenta, the invasive function of the epi- 
thelial covering of the vilh ceases to be important and the epithelial layers 
become relatively thinner The cytotrophoblastic layer reaches the height of 
tts development during the second month (Fig 87, B) Thereafter, it gradually 
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Fic 86 Embryos and their membranes at three difTerent stages of develop- 
ment A, University of Michigan Coll , EH 217 B, University of Michigan Coll , 
EH 152 C, Redrawn from Kollmann 
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loses Its completeness (Fig 87, C) It is as if this layer spent itself m the pro- 
duction of the svncytial laser During the fourth and fifth months, the cyto- 
trophoblast layer undergoes still further regression Most of the vilh come to be 
clothed in a reduced syntrophoblast layer with only occasional cytotropho- 
blastic cells persisting During the last third of the period of gestation, this 
process becomes more marked, but if material is freshly secured and properly 
fixed It will be seen (Fig 87, D) that the yilli do not become as completely 
denuded of epithelium as was formerly believed 

In chnicdl work, a knowledge of these characteristic changes in the chori- 
onic villi at different stages of pregnancy is of considerable importance in the 



Fio 88 Human chonomc mUi (Redrawn after Corning and Kollmann ) 
Reconstruction to show branching of viUi B, Terminal \ilh, such as those 
enclosed by marking in A, more highly enlarged and injected to show blood 
vessels 


examination of uterine curettings From the standpoint of functional signifi- 
cance in the development of the embryo, one would stress the exuberant 
development of the trophoblast during the period of invasion, followed by the 
gradual reduction of the epithelial layers of the villi after their invasive role 
has been carried out, and the thinning thereby of the amount of tissue through 
which the interchanges between fetal and maternal blood take place ^ Whether 
or not the epithelium, after its invasive phase, carries on any' intermediary action 
of a digestive-absorptive type remains an interesting field for future investi- 


* The term phontal bamer ' is coming into rather general usage, particularly m the clinical 
literature to coyer all the tissues through which substances must pass m the interchanges which go 
on betysrecn fetal and maternal blood With the discovery of the Rh factor involved in fetal erythro 
blastosis, and the possible damaging effect on the fetus of the virus causing German measles m the 
mother (sec section on abnormalities of cj^ development), increased interest must center on the 
exact nature of the placental bamer and on any possible sclecUve action it may have m holding 
back certain substances while permitting others to pass 
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Fig 87 Chorionic vilh at various ages (Camera lucida drawings X 350) 
A, From chorion of four-week embryo (C-R 4 5 mm ) B, Chorion from an 
embryo of about six and a half weeks (C-R 15 1 mm ) C, Placenta from a fetus 
of the fourteenth week D, Placenta at tcnn (From preparation loaned by Dr 
Burton L Baker ) 
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ledons Between the cotyledons, the maternal tissue has been less deeply eroded 
and constitutes the so-called placental septa (Fig 89) Between the septa the 
tips of most of the \ ilh he free in the space which has been excavated in the 
uterine mucosa The tips of other villi make contact with the uterine tissue at 
the bottom of the excavation and their trophoblast spreads over the eroded 
uterine surface to form the so-called trophoblastic shell As development 
progresses, some of these vilh become especially intimately related to the 
maternal tissue The trophoblast over their tips disappears and the connective 



Fig 90 Photomicrograph (X 60) ol injected placenta at term 


tissue of the distal ends of these '’^anchoring villi'* becomes actually adherent to 
the endometrial connective tissue Most of the villi he more or less free m 
excavated spaces in the decidua basalts Maternal blood enters the spaces 
about the vilh from the numberless small vessels which were opened m the 
excavating process As this blood drains back into the uterine veins it is re- 
placed by blood supplied b> way of the utenne arteries, so that the vilh are 
continuously steeped in fresh maternal blood 


One must be careful not to acquire ideas too far from reality by perusing 
a highly schematized diagram such as Fig 89, which aims to show merely a 
simplified plan of placental relations In actual sections (Fig 90), one finds 
a bewildering maze of branching vilh inextricably mixed with Irregularly 
shaped, persisting portions of endometrium One looks in vain for the capa 
Clous “blood pools’' of the diagrams until they are recognized in the form of 
the mmute crev.ces between maternal and fetal tissue Nor ts the blood tn 
whteh the vtlh are bathed brought m or drained off by any such wtde-open 
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gallon Challenging, a!*;©, js the problem of the mechanism involved m the 
cessation of invasion Some investigators see in the phenomenon a ntceJy bal- 
anced co-opcration between fetal and maternal tissues, wlicrcas others— 
probably a matter of bellicose temperament — see the trophoblastic growth as 
an invasion, and interpret its checking as the result of a counter-attack on the 
part of the maternal tissues Such diflercnccs in approach serve to bring the 

Chorionic %ik. Torn Feba 

VtliusN^ AfL.._ /Uiribiiicaf Cord 


Branch of 
^UmkflicsJ Artery 


Myomelrit/m 



Fig 89 Scheynauc diagram to show interrelations of fetal and xnatemal 
tissues m formation of pliccaia Chononic vilit are represented as becoming 
progressively further developed, from left to right across the jJJustration 
Maternal veaseh are convenuonaliy colored, fetal arterial branches are shown in 
dark wash, and fetai venous branches m gray wash 

problem into focus, but add nothing to our knowledge of the actual mecha- 
nisms involved 

The relations of the vvUi to the endometriuni and to the maternal blood 
stream are attained as the logical conclusion of the early invasive activity and 
later specializations which we havejust been tracing As pregnancy advances, 
the vdli grow greatly m size, and the complexity of their branching increases 
(Fig 89) If we likened them to trees we would find them growing over the 
discoidal area of the chorion frondoium not quite uniformly, but m about 15 
to 16 dense clumps These mam concentrations of vjih arc known as coty- 
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an exaggeration of the premenstrual changes already well under way \vhen 
implantation occurred Menstruation is, however, suppressed by the preg- 
nancy and the later changes m the decidua are unlike those occurring m the 
menstrual cycle Moreover, because of radically different relations to the 
growing embryo, the changes in the different regions of the decidua show 
certain special characteristics 

When the growth of the embr^'o begins to compress the decidua parietalis, 
it becomes so changed m appearance it is difficult to realize, m looking at 
sections, that it has been formed by modification of the mucosal structures of 
the nonpregnant uterus The surface epithelium degenerates almost com- 
pletely The superficial portions of the glands also degenerate so that their 
deeper portions remain as blind pockets As the uterus is expanded to accom- 
modate the increasing size of the growing embryo, the deep portions of the 
glands become pulled out to form flattened openings parallel to the surface 
This condition of the glands is of particular interest because it is along the line 
of their sht-like lumma that the decidua separates when the bulk of it is dis- 
carded as part of the “aftcr-birth ” 

A peculiar histological feature of the endometrium of pregnancy, worth 
commenting on because of us diagnostic significance m the examination of 
curettings, is the presence of enlarged cells known as decidual cells These 
decidual cells apparently arise by modification of certain of the connective- 
tissue cells They are not ordinarily strikingly differentiated until the second 
month Thereafter they become for a time increasingly abundant and more 
readily recognizable because of ihcir conspicuous size and irregular shapes 
(Fig 91, B) Their general appearance is usually characterized as epithelioid 
At the height of their development, they range in size from 30 microns up to 
as large as 100 microns (Fig 91, C) Not infrequently, the larger cells show 
more than one nucleus During the final trimester of pregnancy, the decidual 
cells become smaller and many of them degenerate 


The part of the c horion not involved in the formation of the placenta also 
undergoes interesting changes During the last half of pregnancy, the chorion 
laeve is pushed by the growing embryo tight against the uterine walls The 
chorion brings with it, on its external surface, what remains of the much 


thinned out and atrophic decidua capsulans (Fig 92) This is squeezed 
against the decidua panetahs and gradually fuses with it Adherent to the 
inner face of the chorion laeve is the amnion, which during the third month 
expands to fill the t ntire chorionic sac (Fig 79) and soon thereafter becomes 
loosely attached to Us inner face Thui a section passing through the tissue 
betwet n the amniotic cavitv and the muscular layer of the wall of the uterus 
m a region dear of the placenta, will show a fusion of four originally separate 

structures From the embry o toward the uterus these are m order the amnion 

the chorion laeve, the decidua capsulans, and the decidua panetahs (Fig 92)’ 
The tiv o middle layers are compressed almost beyond recognition In fact one 
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vessels as those shown m diagrams Rather, there is a constant slow oozing 
into the spongclikc placenta from a myriad of small vessels, the walls of which 
have been more or less opened by trophoblastic erosion 1 he slowness of this 
flow IS favorable for the interchange of materials betsveen the fetal and mater- 
nal circulations, but, as is so often the ease witli arrangements advantageous 
from one special standpoint, it entails its own peculiar Inzard of increased 
likelihood of coagulation Undoubtedly, the flow from opened or partly 
opened vessels is supplemented by much seepage of plasma and lymph from 
unopened maternal vessels m the vicinity Notwithstanding all these details, 
a simplified plan of structure such as that worked out in Fig 89 serves very 
well to emphasize the significance of the intricate interlocking of fetal and 
maternal tissues m the placenta h is only necessary’ to keep constantly m 
mind that m the actual structure the units there schematized arc enormously 
multiplied in numbers and m complcviiy, and tingled together with no con- 
sideration for the microscoptst Flic total exposed surface area of the villi m 
a fully formed placenta has been estimated at from 7 sq m (Dodds) to 
14 7 sq m (Dees-Mattingly) — a generous area for fetal-maternal metabolic 
mtercliangc 

It should be emphasued that at no tune during pregnancy is there any 
mingling of fetal and maternal blood streams 1 he fetal circulation is, from 
Its first establishment, a closed circuit With regard to the interchange of 
maternls, the chorionic viUi stand in much the same relation to the source of 
supplies as our own intestinal villi They arc bathed m a medium from which 
utilizable substances may be absorbed into their blood vessels But all inter- 
change must m both eases be by diffusion and absorption across the endo- 
thelial walls of the blood vessels, and the overlying connective tissue and 
epithelium It is not profitable, however, to push such a comparison too far, 
for m the intestine we are dealing with merely a one-way transfer In the 
placenta there is not only the absorption of foods and oxvgcn from the ma- 
ternal blood stream, but also the elimination mlo the maternal blood of carbon, 
dioxide and the nitrogenous waste products of the embryo’s metabolism 
Stated m another way, the placenta must perform for the embryo the inter- 
changes which in an adult art carried out by the lungs, the gastro-mtestmal 
tract, and the kidneys 

The changes in the endometrium so far dealt with have been presented 
primarily from the standpoint of trying to make clear the structure and func- 
tional significance of the placenta There remain other characteristic histo- 
logic alterations in the decidua, and m the nonplacental embryonic mem- 
branes, which can not be passed by without comment When an embryo is 
implanted the changes thereby initiated involve the endometrium as a whole, 
even though only one small area of the endometrium has direct contact with 
the chorion Presumably this widespread response is controlled through the 
action of some hormone arising from the embryo or its membranes The entire 
uterine mucosa increases m thickness and vascularity and the deep portions 
of the glands become tortuous and distended These early changes seem merely 
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Fig 92 Diagram shelving relations to uterus of a five-month fetus and its 
membranes Uterine structures have been colored red to contrast with fetal 
structures shown in black and white Ammon is drawn as a solid black line, 
amniotic cavity is suppled, and chonon laeve is represented by a broken line 
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Becoming increasingly conspicuous in microscopic sections of the placenta 
during the latter part of pregnancy is a peculiar acidophilc substance known 
fibrinoid This material seems to be a ground substanec formed from the 



Fig 91 Decidua pareitalis A, Section through entire thickness of parietal 
mucosa from a uterus containing a 16 5 mm embryo (Photomicrograph, X 20, 
loaned by Dr George W Bartclmcz ) B, Moderately magnified (X 116) section 
from mucosa of a uterus containing a 33 mm embryo (University of Michigan 
Coll , EH 47 ) C, A few decidual cells more highly magnified (X 450), from a 
uterus in the fourteenth week of pregnancy (Preparation loaned by Dr Burton 
L Baker ) 

uterine mucosa and chorionic tissue m combination with fibrinous material 
probably derived from the maternal blood Fibrinoid tends to be deposited 
in three rather characteristic regions (1) In the chorionic plate, (2) m tissue 





HUMAN FETAL-MATERNAL RELATIONS 


167 


usually reveal pVi>sical indications of pregnancy b> the sixth \veek after fertili- 
zation, that IS, about ivhen the second missed menstrual period would hate 
been expected (Fig 105) 

Once the placenta is well established, the growth of the embryo becomes 
exceedingly rapid The diagrams reproduced as Fig 93 indicate the changes 
m the size and position of the uterus as pregnancy advances The outlines of 
the uterus can be palpated at progressively higher levels in the abdomen until 
about the middle of the last month of pregnancy Usually about 10 da>s 
before delivery is expected there is a tendency for the uterus to settle deeper 
into the pelvis Fig 94 shows the relations of the uterus to other pelvic 
structures during labor 

Birth and the “After-birth ** Tlie placental attachment normally occurs 
relatively high up m the body of the uterus This results in the much thinned 
decidua capsularis, the chorion laeve, and the adherent amnion, which to- 
gether form one composite fibrous membrane, being the only structures lying 
over the cervical outlet (Fig 92) With the beginning of the muscular con- 
tractions which mark the onset of labor, the amntotic fluid is squeezed into 
this thin part of the chorionic sac and the sac acts as a preliminary dilator of 
the cervical canal (Fig 94) As the periodic contractions become more fre- 
quent and more powerful, the investing membranes rupture at this region, 
freeing the embryo from us fetal envelopes but leaving the placenta still 
attached within the uterus This retention of the placenta is of vital impor- 
tance, for the process of birth ordinarily extends ov'er several hours, and were 
the fetus to be prematurely cut off from its uterine associations it could not 
survive the resulting interruption of us oxygen supply 

Continued uterine contractions, aided by voluntary contractions of the 
abdominal muscles, force the fetus into the slowly enlarging cervical canal 
until It IS dilated sufficiently to permit the fetus to begin to move out of the 
Uterus When this has been accomplished, the obstetrician speaks of the first 
stage of labor as having been passed The second stage of labor is much briefer 
than the first Once the fetus passes the cervical canal it moves promptly 
through the vagina to “present itself’ at the perineum Dilation of the vulval 
orifice of the v agma progresses much more rapidly than did dilation of the 
cerv IX, and once the presenting part of the body — usually the head^ — passes 
this outlet, the rest of the body emerges rapidly AVith the ty mg off and cutting 
of the umbilical cord the relations with uterus and placenta are ended and 
the newborn infant is for the first time an independently living individual 
In the usual course of events, it is somt 15 or 20 minutes after the delivery 
of the f( tus that the uterus begins again to go into a senes of contractions which 
loosen the placenta and the decidua from its walls and finally expel them 
Associated with the placenta arc the torn remnants of the ruptured ammon 
and chorion laeve, and the umbilical cord This entire mass constitutes the 
so-calkd aftcr-birth (Fig 95) The placental portion of the after-birth is a 
rounded disk averaging from 15 to 20 cm m diameter Except at the margins 
It IS some 2 5 cm in thickness and may weigh anywhere from 500 to 1000 Gm 
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bordering the intervillous spaces, and (3) m a 7onc deeper in the decidua 
ba«inhs As long as it remains moderate m amount, fibrinoid is to be regarded 
as merely a by-product of the readjusting of fetal and mate rnal tissues in their 
changing interrelations Under certain pathological conditions, the fibrinoid 
may become sufficiently abundant to interfere with the free metabolic inter- 
changes between the fetal and maternal parts of the placenta 

Groivth of Uterus During Pregnancy Striking histological changes m the 
uterus begin, as we have seen, promptly after the implantation of the embryo 
A considerable period elapses, liowcvcr, before the growth of the uterus is 
sufiiticnt so that its sire increase can be detected by physical examination 




Fig 93 Diagrams showing changes m size and position of uterus during 
pregnancy Numbers indicate “mcnsima! age” m lunar months A, Ventral 
view (Modified from Broman ) B, Lateral view (Modified from Eufinger ) 

This seems but natural if one stops to consider the fact that no extensive 
growth of the embryo can occur until the elaborate placental mechanism is 
sufficiently well established to permit the embryo to draw freely on the ma- 
ternal blood stream for its metabolic needs A full month after fertilization 
the embryo is only about 4 to 5 mm m length and its t ntire chorionic vesicle 
IS only 1 5 to 20 mm m diameter (Fig 53, lower right) Even at five weeks, the 
embryo itself is less than a third of an inch in length, and the chorionic vesicle 
IS only about an inch in diameter (Fig 85, B) Increased vascularity of the 
uterus has, however, by this time supplemented the increase m its size due to 
the contained embryo In another week there is, also, a striking softening of 
the upper cervical portion of the uterus as compared with its state m a non- 
pregnant woman (Hegar’s sign) Takmg into account the cervical changes as 
well as the increase in the size of the uterus, a skillful pelvic examination mil 
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In general, a normal placenta is about one-seventh of the weight of the fetus 
with which It IS associated (Potter and Adair, 1940, p 95) On its maternal 
face can be seen the cotyledonary areas with more or less ragged-looking sulci 


Placenta . 
separating from 
Uterine 



Amnion ^ (Regressing) 


Fig 95 Placenta and umbilical cord at term A, Separation of placenta from 
uterine wall (Dickinson-Belski ) B, Quadrant of uterine face of detached 
placenta C, Fetal face of placenta (Modified from Corning ) D, Cross-section 
of umbilical cord ( X 3) 


between them marking the locations where the placental septa were pulled 
loose (cf Figs 89, 95, B) 

The fetal surface of the placenta is covered by the smooth, glistening 
amnion, through which can be seen the radiating branches of the mam ves- 
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Fig 94 Models shoAving process of birth (From the Dickinson Belski series 
done for the Matemit> Center Association ) A, Head passing through dilated 
cervix into upper part of vagina Membranes have remained unruptured 
unusually long B, Presentation of head at perineum 
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from her nonpregnant cycle arc the cessation of ovulation and the suppression 
of menstruation This suggests at once that the corpus luteum must in some 
manner be imolved, for in the cycle of a nongravid individual the hormone 
(progesterone) from the corpus luteum of ovulation appears to be responsible 
both for the temporary inhibition of the development of the next crop of 
ovarian follicles, and for the premenstrual changes in the endometrium In 
the nonpregnant woman, both of these physiological effects dimmish about 14 
da>s after the liberation of the ovum, at the time when the corpus luteum of 
ovmlation begins to show histological signs of involution and a diminished 
hormone output At this time the constructive phase of the uterine cycle ends 
and the hypertrophied endometrium is sloughed off in the ensuing menstrua- 
tion Coincidentally m the ovary, once the inhibiting effect of the corpus 
luteum hormone is removed, a new crop of follicles begins to enlarge under 
the influence of the follicle-stimulating hormone of the anterior lobe of the 
hypophysis (Figs 24, 29) 

If, however, fertilization occurs and the implantation of an embryo fol- 
lows, the picture changes abruptly As we have seen, the young embryo em- 
beds Itself at the time when the endometrium is m its active secretory (pre- 
menstrual) state If implantation takes place, the menstrual period which was 
impending fails to occur Instead of undergoing abrupt regressive changes, the 
endometrium continues to develop m the direction it was going in the pre- 
menstrual stage, and us increased glandular activity and increased vascularity 
arc capitalized by the newly implanted embryo 

The initial phase of the mechanism which brings all this about we know 
at present largely by inference There must be some hormone, probably origi- 
nating from the chorionic vesicle, which affects the corpus luteum For, if the 
nidation of a young embryo occurs, the subsequent history of the corpus 
luteum IS changed, and instead of beginning to undergo involution about two 
weeks after it started to form from a ruptured follicle, the corpus luteum con- 
tinues Its growth and secretory activity During the first three or four months 
of gestation it grows to a size several times as large as a corpus luttum of 
ovulation (Fig 16) Even when, in the last half of gestation, it shows indica- 
tions of involution, the regressive changes are slow and the corpus luteum of 
pregnancy remains recognizable on gross examination of an ovary for some 
time after delivery 


There is every reason to believe that the corpus luteum of pregnancy con- 
tinues to produce the same kind of hormone which it did as a corpus luteum 
of ovulation before it was activated to increased growth and a longer period 
of activity Thus it would appear that the same hormone which in a nongrav id 
individual delays the formation of new ovarian follicles until a period of rest 
has been enforced acts in a gravid individual to inhibit ovulation until pre^ 
nancy is completed and the reproductive mechanism is ready to commence 
again ,ts cycles of preparation for another pregnancy There is considerable 
evidence to indicate that in the last half of gestation this hormone is produced 
also in the placenta, supplementing the ovarian source 
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sels which connected tlit placenta with the fetus by way of the umbilical cord 
Extending peripherally bc>ond tlic placenta arc the torn membranes which 
were ruptured in the first stage of labor, before the fetus passed through the 
cervix of the uterus As has been pointed out, this membranous portion of the 
fetal envelopes consists of amnion, chorion laevc, any remnants there may be 
of the decidua capsulans, and adherent shreds of the decidua parictahs 
stripped off at the line of cleavage formed by the stretched uterine glands 
Naturally, the abrupt shedding of sucli extensive masses of tissue from the 
uterus involves some hemorrhage This is, however, ordmanl) surprisingly 
small in amount v\ hen one considers the size of the denuded areas Following 
the expulsion of the after-birth, the uterus contracts firmly, lessening the rate 
of blood flow by compression and thereby facilitating the coagulation which 
gradually closes the ruptured v'csscls 

Then follows a period of repair of the uterine lining similar to that after 
menstruation With the more radical denuding of the uterine lining which 
follows delivery, postpartum reconstruction naturally takes longer than post- 
menstrual repair Some oozing of blood or blood-tinged scrum (the “lochia”) 
may be expected to continue for from two to four weeks After the raw surface 
of the endometrium is repaired, its gro\vth*sccrctor> phase is slow to reappear 
and, even in women who do not nurse their babies, it is ordinarily about three 
months after parturition before menstruation again occurs Nursing further 
delays the re-estabhshmg of the menstrual cycle, but ovulation may be resumed 
and another pregnancy ensue before menstruation recurs 

Regression of Cord Stump The manner m which the fetal stump of the 
umbilical cord changes in appearance postnatally may be a matter of impor- 
tance if a medicolegal question arises as to how long an infant survived fol- 
lowing birth Potter and Adair (1940) give the following summary of the 
changes during the first week for the first 24 hours the cord is shrunken and 
bluish but still soft, during the second and third days it becomes brownish and 
dry, in the fourth and fifth days it becomes darker brown, more twisted, and 
takes on a curious semitranslucent appearance, separation of the shriveled 
stump from the umbilicus usually occurs on the seventh day 

HORMONAL REGULATORY ACTIONS 
DURING PREGNANCY 

We have already considered some of the hormonal factors controlling the 
cyclical changes occurring in the reproductive organs of the nongravid female 
The same or similar hormones are present in the system during pregnancy, 
but once the embryo is established in the uterus new and modifying factors 
become operative Our knowledge of these hormone interactions during preg- 
nancy is very recent and still far from complete It is, howev er, a field of such 
intriguing biological interest and of such clmical importance that one must be 
familiar at least with the direction in which current investigations seem to be 
pointing 

When a woman becomes pregnant, two of the most striking departures 
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the activity of the placenta in producing the same or similarl> acting sub- 
stances The exact nature of the mechanism is not known, but the clinically 
important fact that remov al of the ovaries in the latter part of pregnancy does 
not result in abortion is well established It is presumed that this change from 



Fig 96 Graph indicating cmptncall) the change m e\cretion rate of certain 
hormones during pregnancy (SchcmAtized from a number of sources ) 


the situation in early pregnancy is due to maintenance of adequate hormone 
levels through placental activity in spite of the removal of the ovarian source 

ANOMAUES OF FETAL-MATERNAL RELATIONS 
Anomalies of Placental Shape As we have seen, the disk shape which is 
ordinarily exhibited by the full-term human placenta develops gradually 
through the regression of the chorionic villi and the decidua where their 
relations are unfavorable, and by the maximal development of vilh in the 
most fav orable area In general, m such opportunistic processes there is likely 
to be lonsiderable variation from the standard pattern The placenta may 
exhibit a bilobed shape (Fig 97, A), it may be two disks instead of one (Fig 
97, B), or It may be in the form of one mam disk with one or more small 
accessory disks (Fig 97, C) None of these variations is of any particular 
functional significance to the embryo, provided the placental tissue is healthy 
and the chorio-utenne vascular relations arc normal It is, however, impor- 
tant to know that such conditions may occur, for if any placental tissue remains 
in the uterus after the expulsion of the after-birth, postpartum hemorrhage 
IS likely to continue The careful obstetncian, therefore, inspects the after-birth 
to make sure of its completeness In the event of there being a small accessory 
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The corpus lutcum hormone has an cficct on the pregnant uterus qualita- 
tively similar to that which it exercises on the nonpregnant uterus In the 
cyclic changes which occur in the absence of pregnancy, ^\c found the corpus 
luteum hormone acting in conjunction with the estrogenic hormone to bring 
about the characteristic premenstrual development of the endometrium (Fig 
29) It was pointed out, also, that the menstruation which followed was the 
expression of the abrupt cessation of the preparatory changes, and the casting 
out of the fruitkssly constructed nesting place for the embryo If, during the 
proper phase of one of these patiently repeated preparatory cycles, an embryo 
arrives and takes possession of its partially prepared domain, a hormonal 
messenger is promptly sent to the corpus lutcum to continue constructnc 
operations Speaking figuratively — the corpus lutcum responds by enlarging 
Its plant and increasing production This is just another svay of saying what 
we already know — that a corpus lutcum of menstruation becomes transformed 
into a corpus lutcum of pregnancy With the constructive phase of the uterine 
changes pushed by the continuing drive of corpus lutcum hormone, the 
regressive phase — that is to say, menstruation — docs not occur 

Emphasis has already been laid on the tremendously rapid growth of 
the trophoblast which follows implantation Although the chain of evidence 
IS not complete, it seems probable that the growing trophoblast is the source 
of the hormone mentioned in the preceding paragraph as acting on the corpus 
luteum and causing it to continue its growth There is m the urine of pregnant 
individuals a substance known as chorionic gonadotropin which is probably 
a degradation product of the hormone in question As the trophoblast of 
the newly implanted chorionic vesicle grows, there is an abrupt rise m the 
excretion of chorionic gonadotropin (Fig 96) It is this rise that is taken 
advantage of m the unne tests for pregnancy These tests depend on the 
capacity of this material to stimulate the ovaries of rodents In the Aschheim- 
Zondek test immature rats or mice arc employed After the animals have 
been injected with the unne being tested, three critical changes are watched 
for as indicating a positive reaction (1) Growth of ovarian follicles, (2) 
bleeding into the antra of follicles, and (3) the appearance of corpora lutea 
In the Friedman test, estrous rabbits are used and the positive reaction 
watched for is the induction of ovulation 

In addition to chorionic gonadotropin, two other substances which may 
be recovered from the urine dunng pregnancy are of speaal interest One 
of these, called pregnandiol, is a degradation product of the corpus luteum 
hormone progesterone The other is a complex of the excreted forms of the 
estrogenic hormone Both of these substances appear in the urine in relatively 
low amounts early in pregnancy and rise as pregnancy advances, reaching a 
peak at about eight months and then dropping abruptly as term approaches 
(Fig 96) The hormones which they represent are responsible for the mainte- 
nance of effective chorio-utenne relations If the ovaries are removed early m 
pregnancy, the resultant hormone deficiency causes abortion to occur Later 
in pregnancy, ovarian hormone production appears to be supplemented by 
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the activity of the placenta in producing the same or similarly acting sub- 
stances The exact nature of the mechanism is not known, but the clinically 
important fact that removal of the ovaries in the latter part of pregnancy does 
not result in abortion is well established It is presumed that this change from 



Fig 96 Graph indicating empirically the change m excretion rate of certain 
hormones during pregnancy (Schematized from a number of sources ) 


the situation in early pregnancy is due to maintenance of adequate hormone 
levels through placental activity m spite of the removal of the ovarian source 

ANOMALIES OF FETAL-MATERNAL RELATIONS 


Anomalies of Placental Shape As we have seen, the disk shape which is 
ordinarily exhibited by the full-term human placenta develops gradually 
through the regression of the chorionic viUi and the decidua where their 


relations are unfavorable, and by the maximal development of villi m the 
most favorable area In general, in such opportunistic processes there is likely 
to be considerable variation from the standard pattern The placenta may 
exhibit a bilobed shape (Fig 97, A), it may be two disks instead of one (Fjg 
97. B), or It may be m the form of one mam disk with one or more small 
accessory disks (Fig 97, C) None of these variations is of any particular 
functional significance to the embryo, provided the placental tissue is healthy 
and the chorio-uterine vascular rclabons are normal It is, however impor- 
tant to know that such conditions may occur, for if any placental tissue’remains 
m the uterus after the expulsion of the after-birth, postpartum hemorrhage 
IS likely to continue The careful obstetrician, therefore, inspects the after-birth 
to make sure of its completeness In the event of there being a small accessory 
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lobe that failed to come away with the mam placenta, the broken vessel? 
which connected it with the mam part of the placenta and the. umbilical cord 
can readily he rccogni/cd and the appropriate steps taken to free the uterus 
eomplctcly of placental tissue 

Abnormalities of Chorionic Villi More serious than variations m the 
shape or lobulation of the placenta arc abnormalities of the chorionic villi 
There occurs— fortunately very rarely— a condition called hjjalidiform mole 


B 


Fig 97 Semischematic diagrams of various types of placentae (Adapted 
from several sources ) A, Partially separate lobes B, Completely separated 
lobes (Note the single umbilical cord, this is the placenta of a single fetus — not 
twins ) C, Small accessory placental lobes (placenta succentunata) D, Partial 
secondary fusion of the onginally separate placentae of diovular twins 

in which the vilh show degenerative changes accompanied by the accumula- 
tion of fluid, so that the branches of the vilh become chains of vesicles of 
varying sizes (Fig 98) The cause of this degenerative change is not known, 
but Its effect on the embryo is obvious With its means of securing nutrition 
thus disturbed, the embryo dies and degenerates and abortion of the patho- 
logical chorion follows Such cases must be very carefully watched to make 
certain that none of the chorionic fragments remain embedded in the uterus 
During the early phases of pregnancy, the chorionic villi are, as we have 
seen active m invading the endometrium Apparently it is quite normal for 
some of the trophoblast cells at this stage to break away from the vilh and be 
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earned to other parts of the body by the maternal lymphatic stream This 
phenomenon is known as chortal invasion The wandering trophoblast cells 
seem to live for a time insinuated among the cells of the maternal organism 
and then to die and disappear without causing any' untoward disturbance 
In rare instances, as is the case with other tissues of the body, chorionic 
epithelial cells may become malignantly invasive When this occurs they 
give rise to a neoplastic growth known as a chom-epttheltoma Such a growth 
has the same serious implications as cancers arising from other ty^pes of epi- 



Fig 98 H>datidiform mole A, Ulcrus fUIed with chorion which has under- 
gone extreme hydatidiform degeneration (FromSiandcr “Williams’ Obstetrics ” 
courtesy, D Appleton-Century Co )B , Normal chorionic villus fAfter 
and Edmonds, Arch Path , Vol 30, 1940 ) C, Early hvdatidiforrn 
chorionic vilh (After Hertig and Edmonds, loc cit /d, ^S ection of villm wit'h 
early hydatidiform degeneration (From DeLee “oLtetrics ”) ^ ^ 


thehal cells It seems to be rarely, .f ever, a sequel to the chonal mvas.on of 
a normal pregnancy In so far as Us ongm ts known .t appears to be more 
l,ke4 to oeeur fol ow.ng abnormal postpartum rctcnt.on of chortontc Uss^ 
and then only in the occasional case Retained fragments of the 1 j 'f’ 
normal villi of a hydatidiform mole are particulari^ susneet 

with the origin of chorio-epithehomata ^ ^ t 'n connection 

Abnormal Sites of Implantation In view of the . 

of the endometrium to receive and imnlanl a vo, ‘^'^borate preparation 
which embryos sometimes become implanted^in ah m 
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any location other than the uterus is called an ectopic pregnancy It has been 
tstimatcd that appro\unalcl> one pregnancy in 300 starts thus in an ab- 
normal location ‘ The sites which may be iinolvcd arc the ovary, the ab- 
dominal cavity, or the uterine lubes (Iigs 99, 100) 

Ovarian pRLQNANcirs (Fig 99, A) These arc exceedingly rare and little 
IS known as to just how they arise One possibility is that a follicle ma> some- 
times rupture without the ovum l>cing liberated from tlic cumulus If this 
occurred it would be possible for spcrmia to enter the follicle at the point of 
Its rupture and fcrlih7e the ovum while it is actually attached within the 
ovary Somb such occurrence as this is probably the only one which should be 
regarded as a true ovarian pregn mey Another possibility would be that the 
liberated ovum failed to enter the tube but remained in the peritoneal cavity 
adjacent to the ov ary If it wasftrtili7td there and developed an active troph- 
oblast layer it could conceivably attach itself to the surface of the ovary, 
just as It might to the surface of any other conveniently located organ 
Strictly speaking such a case should be regarded as an abdominal pregnancy 
m which the ovary happened to be the abdominal organ which provided the 
conveniently located vascular surface 

Abdominal Pregnancics Abdominal pregnancies arc somewhat less 
uncommon than ovarian, but they arc still very rare occurrences A primary 
abdominal pregnancy is a possible result when an ovum fails to be picked up 
by the uterine tubes and thus remains free m the abdominal cavity It may 
then be fertilized by spcrmia which have made their way through the tube, 
and implant itself on the moist vascular surface of the viscera or mesenteries 
Apparently not all abdominal pregnancies arise m this direct manner They 
may sometimes be secondary to a tubal pregnancy m the course of which the 
chorion has ruptured the wall of the uterine tube and then implanted itself 
again m some part of the abdomen The older medical literature — of the days 
when abdominal surgery was undertaken only as a last desperate hope — 
reports many well-authenticated eases of abdomin<al pregnancies in which the 
embryo went to several months* gestation before causing the death of the 
mother by placental perforation of the viscera or by the intra-abdominal 
hemorrhage incident to trophoblastic invasion There are even occasional 
cases on record of abdominal pregnancies in w hich a viable fetus was remov ed 
by laparotomy Under present-day conditions, when surgical opening of the 
abdomen involves a minimal risk, failure to make an early diagnosis and 
carry out prompt operative intervention would be regarded as inexcusable, 
and one is increasingly unlikely to see any advanced cases of abdominal 
pregnancy 

Tubal Pregnancy By far the most common location for an ectopic 
pregnancy is the uterine tube The ampullar part of the tube is the usual site, 
about four out of five tubal pregnancies occurring at this level Anything 

* This ratio is quite probably rather high being based on hospital records where thf proportion 
of cases referred because they presented smie complication would be greater than m the commmuty 
at large Irving is inclined to believe that m general practice the ratio should be nearer one to 500 







178 


TETAL MEMBRANES AND PLACENTA 


which impeded the normal migration of the ovum through the tube toward 
the uterus could be an etiological factor It is believed that inflammatory con- 
ditions of the tubes, arising as a result of gonorrheal or other infections, arc 
most frequently responsible Certainly the scar tissue formed following a 
salpingitis causes adhesions of the folds of the mucous membrane, thus creating 
many blind pockets m which the ovum could become lodged Congenital 
malformations of the uterine tube in which the lumen is irregular or beset 
with divcrticulac probably account for other eases It is conceivable, also, thai 
even in an anatomically normal tube endocrine disturbances might interfere 
with the heightened tubal activity which normally occurs following ovuhtion, 
and thereby reduce physiologically the efficiency of the mechanism of trans- 
porting the ovum 

Whatever the causative factors may be, if the young embry'o is delayed in 
the tube until it begins to form chorionic vilh, it will implant itself For a brief 
time development is likely to proceed fairly normally As soon, however, as 
growth begins to be extensive, complications follow, for the rapidly expanding 
chorion tends to cause hemorrhage from the walls of the tube If the bleeding 
IS slow, coagulation may keep pace with it and the chorion be surrounded 
gradually by an organized clot (Fig 100) If the areas of tlic chorion thus 
separated from the maternal tissues arc small, disturbance of the growth of 
the embryo may be the only immediate result If these areas become extensive, 
however, the embryo dies, and when the mass is finally removed at opera- 
tion one may find that the embryo has been resorbed and the specimen 
consists of only an empty chorionic vesicle embedded m a massive blood 
clot 

If, as frequently happens, the invading chorion causes rapid bleeding from 
the tubal walls, the blood will back through the tube into the abdominal 
cavity, producing acute symptoms which call for immediate surgical inter 
vention A similar clinical picture results if the chorion tats its way com- 
pletely through the walls of the tube In such cases of ruptured tubal pregnan- 
cies, the intraperitoneal hemorrhage is likely to be profuse, and the urgency 
for Its immediate surgical -control extreme 

Placenta Praevia Extra-uterme sites of implantation such as those just 
mentioned are not the only ones which may cause difficulties If the embryo 
is implanted m the uterus close to the cerv ical outlet, the placenta is formed 
in such a position that the fetus can not be dchv ered until after the placenta 
has been detached or ruptured Such a condition is known as placenta 
praevia The dangers of such a situation, to the mother from hemorrhage, and 
to the fetus from asphyxiation, are obvious Fortunately, irritation of the 
cervix by the growing chorion causes early abortion in a considerable propor- 
tion of cases of placenta praevia Even if the irritation of the uterus is not 
sufficient to cause abortion, it may at least give warning of the situation by 
loosening a small area of the placenta and causing hemorrhage When such 
cases go to full term they constitute a real challenge to the skill and resource- 
fulness of the obstetrician 
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Fio 100 Tubal pregnancy mth embryo of about one month, fertilization 
age (University of Michigan Coll , EH 265, specimen acquired through courtesy 

of Dr C V Weller) A, Low-power photomicrograph of a cross-section of the 

entire uterine tube with embryo m situ B, Moderately magnified area of tubal 
wall and the implanted chorion at location indicated in A C, Chorionic villus 
“C”' ^ A ) indicated by the small rectangle marked 
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Abnormalities of Amnion Tlic most common departures from the 
normal occurring in connection with the amnion involve the amount of 
amniotic fluid The usual amount present in the late stages of pregnancy is 
just suflicicnt to keep the fetus free within its membranes — somewhere in the 
neighborhood of 1000 to 1500 cc A condition in which the amniotic fluid 
IS excessive — say over 2000 cc — is termed polyliydrammos A deficient 
volume — less than 500 cc — is termed oligohy dramnios Low volume, w iih the 
danger of its leading to adhesions, is apparently more serious than an excess 
of fluid It has long been believed that adhering amniotic bands were the 
primary causative factors m the intra-utcnnc amputations with which they 
arc known to be associated But, as Streeter has pointed out, one should not 
be too ready to attribute such damage solely to the simple mechanical factor 
of the amount of fluid present It is possible that the adhesions arc not causal, 
but arc the result of local degenerative changes in the fetal tissues On this 
interpretation, adhesions to the amnion would form where the protective 
epithelial covering of the fetal integument was damaged, and where fetal and 
amniotic fibrous connective tissues came in contact 

Superfetation Under ordinary circumstances, once pregnancy is estab- 
lished, no additional conception can occur until .after the current pregnancy 
has been terminated This is doubly insured by the cessation of ovulation 
during pregnancy and by the occlusion of the cervical canal of t!ic gravid 
uterus by a plug of tenacious mucoid material produced by the cervical glands 
A few cases have, however, been reported which appear to be exceptions to 
this general rule Instances have apparently occurred in which a markedly 
younger fetus has been delivered along with a full-term infant A startling 
variant of the same situation is the report of a ease m which a younger fetus 
IS said to have remained m the uterus during the birth of its older w omb-matc, 
and to have been born alive some weeks later when it, m its turn, had reached 
full term Such eases, explicable only on the assumption that fertilization and 
implantation can sometimes occur following an unsuppressed ovulatory cycle 
subsequent to the beginning of pregnancy, are know n as instances of superfeta- 
tion The extreme rarity of such an occurrence can not be too strongly empha- 
sized, especially since some of the alleged cases could be more plausibly inter- 
preted as twins, one of which failed to keep pace \\ ith the growth of the other 
Such unequal growth of Utter-mates in animals producing several young at a 
birth IS quite familiar to animal breeders, who have given us the expressive 
term “runt” for the embryo which was ill-favored in its intra-uterine environ- 
ment and lagged behind its mates in development An authentic case of 
superfetation is to be regarded as a sort of medical curiosity m which all of 
the mechanisms which ordinarily prevent such an occurrence have for some 
unknown reason broken down simultaneously 
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Age, Growth, and Changes in External 
Form of Body 

ESTIMATION OF AGE AND METHODS 
OF MEASURING EMBRYOS 

Fertilization Age Although, m a sense, an embryo prc-cMSts m the 
gametes from which it arises, Us life as a new individual must be regarded as 
commencing at the moment of fertilization The fertilization age of a human 
embryo which comes into the laboratory for study is practically never known 
except as a rough approximation Even when such specimens are accom- 
panied by unusually complete clinical data, this information usually is based 
on nothing more reliable than the patient’s attempts to cudgel her memory 
into fising the time of events some \%ccks in the past Supposing the date of 
onset of the last menstrual period which occuiTcd was marked on a calendar, 
there IS still the uncertainty as to where m her menstrual cycle the particular 
woman in question ovulated If, for the sake of argument, we assume that the 
time of ovulation and of a single coitus which must have been the fruitful one 
were known, even this would place the time of fertilization only within some 
12 to 24 hours If an embryo with such an unusually circumstantial history 
were recovered as the result of a spontaneous abortion, there would still be 
uncertainty at the other end of its life history ^Vc would have no means of 
knowing how long before extrusion its normal growth had ceased and death 
had ensued Judging from the amount of resorption of the embryonic body 
which is sometimes seen m aborted chorionic vesicles, it would seem quite 
apparent that this interval between embryonic death and abortion may be 
considerable It is certainly too highly variable to permit more than a tenta- 
tive as'^essment of its duration in any individual case Our best-preserved 
embrv os come from surgical cases, and when a normally growing embryo is 
removed at operation we have at least a definite end-point m its life history 
All this serves to emphasize thi special importance of securing the best 
po>siblc history m any case where a pregnancy must be terminated surgically, 
ind then seeing that this history, together with the carefully preserved embryo' 
goes to a laboratory where the specimen will be properly measured and then 
studied by other means suitable for determining the degree of its develop- 
mental progress It is only from the study of accumulated data of this sort that 
18t 
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we can increase the accuracy of our knowledge of ihc timing of critical events 
m intra-utcnnc life 

Methods of Measuring Embryos It is self-evident that to be of any value 
for comparisons, measurements of embryos must be made according to stand- 
ard methods Various b<ise-pQints have been used by different workers, but 



gradually the measurements indicated in Fig 101 have come to be quite 
generally adopted For a very young embryo having a body which is still 
fairly straight, “the greatest length” (Fig 101, A) is the most simple and use- 
ful measurement As one would expect, however, there is considerable indi- 
vidual variability as to size m different embryos of the same ag« , and in 
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attempting to determine the degree of developmental advancement of young 
specimens a somite count should be used in addition to measurements (See 
the following table ) 


Table Showing Approximate Times of Appearance of Somites 

Somites Day Somites 

1-3 25 24-26 

3-5 26 27-28 

6-8 27 29-30 

9-11 28 30-31 

12-14 29 32-33 

15-17 30 34-35 

18-20 31 36-37 

21-23 32 38-39 

The information on the basis of which the ages of human embryos are estimated is still 
fragmentary and unsatisfactory The ibove table must be regarded as a tentative approxima- 
tion, subject to revision as more complete data becomes available 


Day 

17 

18 

19 

20 
21 
22 

23 

24 


A$ embryos begin to exhibit a marked cur\ature of the body, it becomes 
impractical to make an> direct measurement that approximates their total 
body length During this period, the most commonly employed dimension is 
the crown-rump length, or “sitting height,’* ordinarily abbreviated as C-R 
(Fig 101. B) 

The crown-rump measurement continues to be of use m describing older 
embryos, but as the body becomes more highly differentiated additional 
measurements become of increasing value The “spme-lcngth" is a measure- 
ment occasionally used in detailed descriptive studies It is especially valuable 
in dealing with embryos between 6 and 10 weeks because it helps to show up 
variations in crown-rump dimensions which arc due to differences in the 
degree of cervical flexion caused by extrinsic factors such as distortion during 
fixation In making this measurement, a line is projected backward through 
the center of the eye and the ear This line passes approximately through the 
level of the joint between the atlas and the skull Taking the point where such 
a line comes to the dorsal surface of the body at the cervical flexure, therefore 
gives for all practical purposes a point (“A” m Fig 101, G) which corre- 
sponds with the cephalic end of the spinal column The distance from this 
point to the rump constitutes an embryo’s spinal length, or A-R dimension 
Particularly useful m the older stages of development is the C-H, or crown- 
heel dimension This is the “standing height” of the embryo and is, therefore 
much more readily comparable with the usual measurements taken post- 
natally The arc of a circle, described about the hip joint as a center, with such 
radius that it coincides with the curvature of the rump, indicates that portion 
of the leg length (x-k-H in Fig 101, D) which must be added to the sitting 
height (C-R) in order to obtain the standing height (C-H) 

GROWTH OF BODY AS A WHOLE 

Using the measurements from the best-preserved embryos with the most 
complete and seemingly most dependable clinical histones, ,t is possible to 






GROWTH OF BODY AS A WHOLE 

m the light of advances m our kno«ledge, will >ield more trusnvorth> infor- 
mation as to the age of an embryo than can possibly be gleaned from anything 
eveept an unusually complete and accurate clinical history It should be 
emphasized that this matter of embryonic size and age is of practical as well 
as theoretical importance The age of an aborted embrt o is alu ay s of interest 
to the patient and of significance to the attending phy sician In certain medi- 
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MENSTRUAL AGE IN WEEKS 

Fig 102 Smoothed curves showing increase m the commonl> used linear 
dimensions of the bod> during the first 18 weeks (Adapted from the data of 
Mall and Streeter and some of the more recently acquired material on younger 
embrvos ) 


colegal cast s, accurate assessment of age from the specimen alone may be a 
crucial point Knowledge of the size that an embryo should have attained at 
any giv en time after the beginning of pregnancy may be the means of diag- 
nosing mtra-utenne death of the fetus, or of making the correct differential 
diagnosis between a pregnancy and a uterine tumor 

Use of Menstrual History ,n Formulating Age-length Data A graph 
covering the age changes in crown-rump length during the period in which 
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construct t'lblcs iind graphs which arc c\cccdingl> useful in ns<jcssing the age 
of the many embryos not accompanied by chnic.il histones As a nntter of 
fact, the study of an embryo’s moqdiolog) .md the utih/ation of age-length 
graphs based on data accumulated o\er many years, and rechecked repeatedly 


Data ov GnouTit nv Wiim (Elktilizatjov Anc) 


Age 11 (fks 

C’R length in 
Mm 

n etUjf Length 
Increaie in \tm 

Con/iguralion oj Ihdy 

3 

2-3, 

L 


IIckI) 1 X 11 juit ticginninj, to slinu bending 

4 

.-5| 

f 

1 


ricMon strongly marked 

5 

7-r| 

\ 

\ 

5 

Maximum flexion 

6 

12-13j 

\ 

7 

Ctrvica! flexure alx)ut 90" 

7 

19-2oj 

\ 

9 

Cervical flexure almut 60" 

8 

2!-30j 

\ 

It 

Cervical flexure about 30“ 

9 

39-41 j 

\ 

12 

Orvical flexure about 22* 

10 

51-53j 

\ 

13 

Ccnical flexure ibout 15" 

11 

64-06] 

\ 

13 

Cervical flexure alxiut 8" 

12 

77-79] 

1 

14 

Neck ilinost straight 

13 

91-93! 

\ 




\ 

14 


14 

105-1071 



Dorsal flexurt. 



\ 

14 

Incomes more marked 

15 

119-121] 


13 

and 


132-134] 

[ 

whole bcxl) 

16 


13 

13 

IS curved into 

17 

±147j 

f 

C shape 

C TI measurement 

18 

±16oj 


and 


13 

bod> weight become 
belter crilena of growth rate 

19 

±173] 


12 

than C R 

20 

±185j 


12 


21 

±197j 


11 


22 

±208j 


11 


23 

±219] 

[ 

1 

11 


24 

±23o] 

f 

10 

, 

28 

±270j 

1 

10 


32 

±310] 

1 

9 


36 

±346] 

1 

8 


38 

±362* 

1 
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w.thm a day or too d it is to occur at all Analysts of a large group of preg- 
nancies uith good clinical histones is confirmatory, indicating that the great 
majority of exceptions occur from intercourse betoeen the and he 

nineteemh day of the menstrual cycle, u.th the statistical peak at about the 
thirteenth to fourteenth day 
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Fig 104 Graphs and tables illustrating gromh of the bod> in length, 
surface area, and ^velght during postnatal life Bod> -length measurements 
are cro^\•n-heel (After Edith Bo>d, from Scammon, m Morris “Human 
Anatom) ”) 


In spite of the fact that present knouledge thus clearly shous that the so- 
called “menstrual age” is not at all the age of the embryo, the use of the 
menstrual history as a basis for age calculations is netertheless exceedingly 
useful provided the necessary corrective factor is introduced A fairly reliable 
menstrual history is much more likely to be av ailable than anything approach- 
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this measurement is most useful is nrproduced as Fig 102 It will be noted that 
this graph is set up on the basis of fcrtiliration age But since m many similar 
graphs time is calculated from die first day of the last menstrual period which 
occurred, a second time line on this basis has been added The practice of 
using the last menstruation as a basis for reckoning is due partly to the reten- 
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Fio 103 Curves, formulae, and tables illustrating gro\vth of the body in 
stature (total height or C-H measurement), surface area, and weight dunng 
prenatal life (After Edith Boyd, from Scammon, m Moms “Human 
Anatomy ”) 


tion of an old approach which erroneously assumed that fertilization and 
implantation were nearly coincident with menstruation From this viewpoint, 
we still have retained the expression “the menstrual age” of an embryo As 
has been pointed out m Chapter 3, we now know that ovulation occurs 
approximately midway between menstrual periods, and that, because of the 
brief period of viability of the unfertilized ovum, fertilization must take place 
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■, car-old child w hich had continued to mcieast in height at the rate of 1 5 tnm 
a day Mould be 20 feet tall Thus it is apparent that even iihat Me are accus- 
tomed to think of as the rapid growth characteristic of childhood and adoles- 
cence is slow compared with the growth rate m utero 

When one begins to think m terms of weight, the figures become startling 
In the 20 years from birth to maturity, the increase in weight is a mere 
twenty«fold, m the nine months it takes the ovum to grow into a full-term 
fetus, the increase is about six biUion times Arey has made the arresting 
calculation that if the body weight continued to increase postnatally at the 
rate which prevailed in utero, “the weight of the adult would be two millions 
of millions times that of the earth ** 

The relation of the body’s surface area to its total mass is significant with 
reference to metabolic rate and the rate of heat loss Boyd’s measurements 
(Fig 103) gi\c the surface area at term as about 2200 sq cm Inspection of 
Fig 104 wiU sho^v that this area doubles by the end of the first year, triples by 
the fourth year, and by maturity becomes almost eight times the birth area 
Since the adult body weight is about 20 times birth weight, it is evident that, 
in spite of the absolute increase in surface area, there is a relative loss per unit 
of body weight Put m terms of square centimeters of skm per kilogram of body 
weight, the newborn infant lias something over 800 while the adult has less 
than 300 


DEVELOPMENT OF FORM OF BODY AND CHANGES IN ITS 
EXTERNAL APPEARANCE 

Body Form in Young Embryos The embryonic body at first is so totally 
different from that of the adult that it becomes a matter of natural interest to 
know w h( n m the course of mtra-utcrinc life certain familiar features appear 
Even for those who think readily m terms of graphs and tables of quantitativ c 
data, there are many things about the shape and proportions of the body 
which are more effectively set forth in simple pictorial form 

Embryos of the first seven weeks have already been depicted with the aid 
of photomicrographs taken at different magnifications which seemed best 
suited to show the details of body configuration at each specific stage It wiU 
be recalled that the vaguely organized spheroidal cell mass of the first two 
weeks becomes molded, early m the third week, into an embryonic disk with 
the primitive streak as its chief structural feature (Fig 46) Later m the third 
^^cck, the embryonic disk becomes reshaped into a more or less cyhndroid 
body m which the head and tail and scgminlaUv arranged somites can be 
made out, but which still lacks any indication of appendages (Fig 50) Dur- 
mg the fourth Meek, mi saw the originally straight body become markedly 
flcvcd (Tigs 51, 52, 53) In the sixth and seventh Meeks, the lltxure in the 
cen ical region becomes particularly marked, the bod> axis at this level chang- 
ing direction through nearly 90 degrees (Tigs 59, 61) 

IVith these figures atailable for consultation as to details of body struc- 
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mg a trustworthy ovulatory or coital history Trom a practical standpoint, 
therefore, often the best that can be done is to use a “presumptivf ftrtihration 
age” arbitrarily calculated on the assumption that fcrtih/ation occurred tuo 
weeks after the onset of the last menstrual period Used in conjunction N\ith 
age-length data of the type assembled m Figs 102 and 103, such an age 
approximation is reasonably satisfactory m keeping track of tlic si/c an embr) o 
can be expected to attain at the various stages of pregnane) 

Use of Menstrual History m Predicting Time of Birth To the discom- 
fiture of both the patient and the obstetrician, the day when birth will occur 
in a particular pregnancy can not l>c predicted w ith exactness Birth occurs on 
the basis of statistical averages 38 weeks after conception, or 40 weeks after 
the onset of the last menstrual period which occurred The usual rule of 
thumb m predicting tlic time of confinement is to add a )car and a week to 
the date on which the last period commenced, and then count back three 
months There is, however, much variability, and the chief difficulty with all 
such predictions by date is the illusion of precision winch they arc likely to 
create m the mind of the patient It is much wiser to suggest a two- to tlircc- 
week time zone within which delivery is likely to occur 

Increase in Height, Weight, and Surface Area During the latter part 
of pregnancy, the rate of increase m the 0*H dimension or standing height, 
the weight, and the surface area of the fetal body arc important, particularly 
when for any reason it becomes of interest to compare pre- and postnatal 
growth The most extensive and accurate material of this tyT^e has been 
assembled by Scammon and Boyd and their co-workers at the University of 
Minnesota The data and graphs here utilized arc taken mostly from this 
work Fig 103 gives a graphic summary of growth rates for mtra-uterine life, 
and Fig 104 covers comparable data for the period of postnatal life during 
which adult stature is being acquired Quantitative information of this type 
is exceedingly useful to have available for ready reference, but length and 
weight for a large series of specific ages is decidedly not the type of material 
one would attempt to memorize Certain general trends might, however, 
receive a word of comment 

In making a visual comparison of the graphs covering pre- and postnatal 
growth rates, one not accustomed to dealing with data in this form should 
perhaps be cautioned against being misled by looking only at the steepness of 
the rise of the growth curves in the two figures It mu^t be appreciated that 
the time scales are different, the growth during the fetal period being plotted 
by monthly increments while the pKJStnatal graph uses intervals of a year 
Certain simple comparisons might perhaps make the growth rates involved 
take on more significance During the second month, embryos tend to grow 
approximately a millimeter a day in sitting height For the rest of gestation 
the daily increase averages about a millimeter and a half Probably because 
a millimeter is so small compared with most of the dimensions with which we 
deal this does not sound impressive A more vivid realization of its import can 
be gathered by an extrapolation of this growth rate into postnatal life A ten- 
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ture, the roost useful illustration m the present connection would seem to be 
a group of outline diagrams, all drawn to natural size, to give a direct visual 
impression of the growth \vhich occurs during the early part of development 
Such a group is assembled in Fig 105 The embryos are shosvn m their 
chorionic vesicles because in these early stages such a considerable proportion 
of the product of conception is constituted by the extra-embryonic mem- 
branes Since both patient and ph>sician tend to think of embryonic age in 
relation to the interrupted menstrual cycle, the drawings have been arranged 
along a time line on which the menstrual history is indicated 

The marked flexion of the body and the bulging thoracic prominence 
caused by the heart make it impossible to get satisfactory frontal views of 
young embryos by photography To draw the body as if it were straightened 
requires its graphic reconstruction from a senes of different angles and in- 
evitably involves the taking of some liberties with proportions Nevertheless, 
when this is carefully done, one is repaid with interesting views (Fig 106) 
hich not only make it possible to see what is going on in the facial region but 
also bring out certain of the characteristic proportions of the embryonic body 
from d point of view which makes them easier to compare with familiar adult 
conditions The relatively enormous head, the conical shape of the thorax due 
to the unexpandtd condition of the lungs the protuberance of the upper 
abdomen because of the great size of the liver, and the startling slenderness 
of the slowly developing hips and legs are apparent at a glance So also is the 
tail, which so well developed for a time before its regression and conceal- 
ment by the growing buttocks 

Formation of the Face Certain general considerations with reference to 
the development of the cephalic region were introduced m Chapter 5 We 
noted the fact that the neurocramal portion of the head was precocious and 
that the visceral portion arising from the gill arches differentiated somewhat 
later We established also the general manner m which the visceral arch 
complex would be involved in the formation of the circumoral part of the 
face It will be recalled that cephalic to the stomodaeal depression the upper 
jaw IS formed by the fusion of the maxillary processes with the nasomediai 
processes, and that the mandible is formed, caudal to the stomodaeum, by 
the coalescence mid-ventrally of the right and left halves of the mandibular 
arch In Chapter 14, the processes mvolved m the formation of the jaws and 
the teeth are to be taken up m some detail It is sufficient here, therefore 
to fix m our mind the second intra-uterme month as the period in which 
the mam facial structures arc established m essentially their definitive 
relationships 


It 13 true that the face of a human embryo at the end of the second month 
IS quite simian in the breadth and flatness of the nose, and ,n the reced.nu 
character of the chin There ts, nevertheless, no part of the adult face that is 
not, even thus early, present m recognizable form and in nearly its adult uu 
tional relationships (Fys 106, 247. 248) Perhaps the lownes7o 
ears, remmisccnt of the.r ongm from die teue about the hyomantbuW 
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105 Diagrams showing actual sum of embryos and their “'“branes 
‘ relation to a time scale based on the mother's menstrual history 
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cleft, IS the most strikingly primitive thing about the head at this stage of 
dev elopment 

The e>es, arising as lhc> do from primordial outgrowths of the forebram, 
first appear on the surface of the head merely as vague, rounded elevations 
(Fig 52) During the sixth week, the growing optic vesicle clearly outlines 
Itself beneath the thm ov erl> mg ectoderm (Fig 59) By the end of the seventh 
week (I ig 62), the beginning of the formation of the eyelids strongly empha- 
sizes the e>e as a facial feature Eyebrows and eyelashes begin to be visibly 
developed during the latter part of the fifth or early m the sixth month 

During more than half of intra-utcnne life the cy cs develop behind sealed 
eyelids, the lids meeting and fusing in the ninth week and not reopening again 
till the seventh month This means that unless its birth is hopelessly premature 
a human infant is born with its eyes open and does not have the period of 
closed lids prolonged for a time after birth as is the case with kittens and 
puppies 

External Genitals It is not possible to tell the sex of an embryo by ex- 
amination of the external genitals until the end of the second, or the begin- 
ning of the third month of development 1 he primordia of the external sexual 
organs make their appearance well prior to this time but they are said to be 
“indifferent” because they exhibit only certain noncommittal tissue masses 
which later w ill be molded in one direction or another as the sex of the embry o 
becomes evident There is a conical local elevation m the mid-ventrcil line a 
little cephalic to the cloaca, which is known as the g< mtal tubercle (Fig 106) 
This tubercle becomes the penis if the embryo is a male, or the clitoris if it is 
a female On the caudal aspect of the genital tubercle are slender folds (the 
genital or urethral folds) flanking a median (urethral) groove If the embryo 
is a male, these two folds close the urethral groove to form the penile urethra, 
in a female, they remain separate and form the labia minora (Figs 381, 382) 
Heavier, more laterally located folds become the scrotal pouches of the male 
or the labia majora of the female In the male, it is usually late in the seventh 
or early m the eighth month when the testes descend into the scrotum 

Appendages The appendage buds make their appearance at about the 
transition from the fourth to the fifth week of development (Fig 58) During 
the sixth week, the terminal portion of the bud, which is destined to form the 
hand or the foot, becomes somewhat expanded and flattened with a curious 
marginal flange at its free border (Fig 60) Four radial grooves in the mar- 
ginal flange early suggest the formation of the digits (Figs 61, 62, 107) The 
five thicker areas between the grooves grow rapidly and soon project beyond 
the mam mass to form the fingers and toes As early as the eighth week the 
grow mg thumb begins to div erge widely from the rest of the fingers (Fig \ 07 
E) Similarly, the young great toe starts to develop at a truly ape-like anelc 
to the rest of the foot (Fig 108, E) ^ 

During then- development, the limbv undergo important changes m their 
axial position Let us consider the anterior appendages first because it is easy 
to mimic the positional changes with our own arms The young arm-buds 
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IiG 106 Frontalvieusofasenesof\ounghumanembryos,drawnastheywould 

appear if the body curvature had been straightened (After William Patten ) 
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both l>ing aMonishingl^ close to the chm (Fig 109, F) With the postnatal 
assumption of erect posture, the tibial-great-toe side of the kg is rotated 
mesiad This is of course the side of the leg which is homologous with the 
radial-thumb side of the arm and which was originally the cephalic border 
of the young appendage bud ConsequentK, one would expect to find the 
great- toe side of the foot supplied by ncr\es arising more cephalically than 
those supplying the outer side of the foot (Fig 183) 

Integumentary Structures The epithelial layer of the shin m the early 
part of fetal life is exceedingly thin, so that the color of the underh ing dermal 



Fio 108 Stages in early development of the lower extremity (After 
Retzius, from Scammon, in Moms ^'Human Anatomy ”) A, Posterior 
hmb bud of an embryo 12 mm long B, Posterior limb bud of an embryo 
15 mm long C, Posterior limb bud of an embryo 17 mm long D, loot 
and calf of an embryo 19 mm long E, Two mcws of the foot and anUe 
of an embryo 25 mm long F, Two \icws of the foot of a fetus 52 mm 
long 

layer of vascular connective tissue shows through Moreover, it is not until 
relatively late in fetal life that there is any fat stored in the subcutaneous 
layers Consequently, a fetus prematurely born m the SLxth or early part of 
the seventh month looks red and wizened to a degree which gives it, para- 
doxically, the appearance of weather-beaten old age Begmning late in the 
seventh month, fat is stored in the subcutaneous layers and the body normally 
exhibits a rapidly increasing plumpness as full term is approached This tend- 
ency to lay on cushioning masses of subcutaneous fat, coupled with the 
prominence of the abdomen because of the great size of the liver, gives a 
healthy newborn infant the type of figure made so familiar by Raphael’s 
cherubs 

Indications of the dc\ elopmcnt of hair folhcles can be seen m histological 
sections of the integument as carl, as the end of the third month Hair does 
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project outward aimo«5t at right angles to the lateral surface of the body (Fig 
106) [Stand erect and hold the arms out horizontally, thumbs up, palms 
forward ] With the formation of the elbow joint, the forearm and Iiand bend 
vcntro-mcsially DVithout dropping the upper arm at tlic sliouldcr, or rotat- 
ing the elbow joint, flex your elbows bringing the palms of your hands against 
your chest ] Next, the arm drops into positions which seem more natural to an 
adult [Drop your elbows to your sides, letting the wrists cross each other 
loosely under the <hin ] This is the characteristic arm position for the rest of 
nlra-utcnnc life The final position, characteristic of man in his erect posture, 




Fio 107 Stages in early development of upper extremity (After 
Rctzius, from Scammon, in Moms “Human Anatomy “) A, An- 
terior limb bud of an embryo 12 mm long B, anterior limb bud of 
an embryo 15 mm long C, Anterior limb bud of an embryo 17 mm 
Jong D, Hand and forearm of an embryo 20 mm long EjTivovieu’s 
of the hand and forearm of an embryo 25 mm long F, Two views 
of the hand of a fetus 52 mm long 


IS attained by letting the arms hang freely from the shoulders This in\ olves a 
varying amount of rotation according to the position of the palms If the palms 
are held forward and the thumbs outward, the outer part of the arm \vill be 
what was primitively the cephalic margin of the young appendage bud This 
IS nicely recorded by the distribution of the segmental nerves to the adult arm, 
the outer part being supplied by the more cephalic nerves and the inner part 
by those which arise farther caudally (Fig 183) 

The primary position of the le^ is sumlar to that described for the arms 
When the knee joint is formed, however, the flexion is m the reverse direction 
to that exhibited by the elbow The young human fetus, therefore, carries his 
appendages in a characteristically quadruped position [Look at Fig 92 or 
Fiff 109, E, with the body held horizontally ] As the appendages grow m 
length they become more and more sharply flexed, with elbows and knees 




196 AGE, GROWTH, 


and ClIANCns IN EXTERNAL 


rORM OF nODY 



Fig 110 (Seep 197 ) Fetuses of five months and 


SIX months, drauii to actual size 



Na-w- 4 0 1 2J 4 7 12 i5~ 

born mo mo yr yrs yrs yrs jyrs. yrs Adult 

° development of the form of the body 

lefUateral vie\s s A, Eight fetal stages, based on the empirical formula of Cilkins 
dnd Scammon, Proc Soc E'sp Biol andMcd.Vol 22 192‘i R T,.„ „ ? 

stages, based on Schadow (From Morm “Human Inatomy ”) 
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not, however, become grossly rccogni7ab1c on the body surface until the fifth 
or sixth month The hair follicles of the face and scalp and such specialized 
areas as the eyebrows and eyelashes arc a little ahead of the body hair in their 
development The first body hairs of the fetus arc very fine and closely spaced 
so that they constitute a downy coal known as the lanugo It is usually during 
the seventh month that the lanugo is best developed Thereafter it begins to 
be shed and replaced by coarser hairs, much more sparsely scattered 

Later Changes in Body Proportions Some time toward the end of the 
second or beginning of the third month of development, “when it begins to 
look human,” it is usual to drop the term embryo and to speak of the product 



of conception as a fetus There seems no very good reason to worry about the 
precise time when this change in designation should be made or to insist on 
the rigid following of this usage which is kept more as a matter of tradition 
than because it serves any useful purpose In the so-called fetal period of 
pregnancy, the most striking external changes are in the growth of parts 
already laid down during the first two months A pictorial summary of the 
size increases from the eighth through the twenty-fourth week of pregnancy 
is given in Figs 109 and 110 Beyond this age, actual size representations will 
not go on the available page space of a book such as this, and reference must 
be made to the graphs of Fig 103 for normal dimensions 

The change in the relative size of different parts of the body is fully as 
interesting as the rate of increase in the body as a whole An exceedingly 
valuable method of emphasizing differences in bodily proportions is to recon- 
struct the younger stages to the same total height as the definitive stage toward 
which they are growing This painstaking method which has been very 
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Organ ^VEIOltT in Relation to ItoDY Weight and Length at Birth 



■iim 


I 750- 



' 3,250- 



1,250 

mM 

2,250 


3,250 

i 3,750 


No Cases 

193 

172 

121 

94 

168 

1 

1 125 

1 70 

Organ 

Anthmefic Mean Organ li'eighh in Grams 

Th> roid 

1 1 

1 3 

1 ^ * 

18 

1 8 

2 4 

2 4 

Thy mus 

3 1 

5 t 

8 5 

9 3 1 

9 9 

10 8 

1 15 3 

Heart 

7 6 

10 8 

14 5 

17 9 1 

20 1 

21 7 

25 4 

Lungs 

25 2 

1 «7 

1 44 2 

49 5 1 

54 7 

59 4 

i 64 0 

Li\er 

49 2 

66 3 

87 9 

105 8 1 

140 4 

151 5 

185 1 

Spleen 

2 1 

4 0 

5 8 

7 6 ' 

9 7 

11 1 

12 2 

Pancreas ' 

1 2 ' 

1 6 

2 1 

2 8 ! 

3 4 ' 

3 6 

3 9 

Kidneys 

9 7 

13 6 

18 3 

21 1 

23 6 

26 6 

29 3 

Adrenals 

3 3 

4 3 

5 3 

6 9 

7 6 

9 3 

10 5 

Brain 

160 6 

226 8 

289 2 

332 6 

390 9 

429 6 

402 9 

Mean body %% eight 

999 0 

1,477 0 

2,006 0 

2,508 0 

3,005 0 

3,439 0 1 

3,945 0 


Body Length in Centimelers 


Crown heel 

36 5 

41 5 

45 7 

48 4 

50 9 

52 6 


Crown rump 

24 7 

27 9 

30 9 

32 9 

34 8 

36 3 1 

37 3 
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cfTcctivcly used by Scammon and his co-workers m portraying the results of 
their quantitative studies of growth is exemplified in Tig III Such a figure 
siiows relative proportions more vividly than volumes of description One can 
not miss sucli things ns the tremendous relative sire of the embr>'o’s head, the 
'netting of the head almost directly on the shoulders with practically no neck, 
and the exceedingly small hips and posterior appendages At the same time, 
this graphic method shows equally clearly the scries of changes by which adult 
proportions arc reached The changes in bodily proportions arc graphically 
shown m Tig 112 by a different method winch emphasizes especially 
well the rate of increase m the total size of the body 

GRO^VTH OF ORGAN SYSTEMS 

The discussion so far has centered about the growth of the body as a whole 
and some of the striking changes in its external appearance, and in its pro- 
portions It must be realized that growth does not take place synchronously 
or at equal rates in all regions of the body, but that each organ and part has 
Its own characteristic life history In certain vestigial organs such as the meso- 
nephros, the cycle is greatly abbreviated Otlicr organs, as for example the 
thymus, persist during childhood and then undergo involution, the organs of 
the central nervous system develop relatively early, wliilc the reproductive 
organs have their period of rapid growth much later These matters will come 
up in subsequent chapters dealing with the development of each of the organ 
systems, and it would carry us afield to go into them m any detail here It 
seems pertinent, nevertheless, while we arc discussing the matter of growth, 
to include Fig 113 at this point to suggest some of the more sinking dif- 
ferences m the postnatal growth rates of different types of organs It is par- 
ticularly interesting to note the fairly uniform rate of growth maintained by 
such d group of organs while they arc under the relatively sheltered and stable 
conditions of mtra-utenne existence, in contrast with the wide divergence they 
exhibit after birth 

Some of the more striking changes m the relative proportions undergone 
by the different organ systems between birth and maturity can be shown pic- 
tonallv The recent work of W ilmcr has made available silhouettes of the new- 
born and adult bodies reconstructed to the same height with the organ systems 
drawn m to proper scale In Fig 1 14, A is indicated the skeletal system, which 
m spite of striking differences shown m the proportions of certain of its parts, 
constitutes about 15 to 20 per cent of the total body weight in both the new- 
born and the adult Fig 114, B shows the muscular system which in the new- 
born constitutes some 25 per cent of the body, whereas m the adult it is 40 to 
45 per cent In the C pair of figures is depicted the central nervous system, 
constituting about 1 5 per cent of the newborn body while it is a mere 2 0 to 
2 5 per cent in the adult The same figures show also the major visceral masses 
amounting to about 9 per cent of the body at term, while in the adult they 
are in the neighborhood of 5 to 7 per cent These examples are enough to indi- 
cate that we can not think loosely of a newborn infant as being already an 
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adult in mmature In a 20-odd year period of growth, birth is merely an 
incident which dramatically confronts us \v ith a body swiftly prefabricated in 
concealment and with all its major parts assembled but still, m detail, far 
from Its finished form 

While we can not go farther into the grow th rate of the different organs 
of the body, the size that they may normally be expected to attain by the time 
of birth is information that is of value in connection with autopsies on 
newborn infants Since many of the deaths which occur at or near the time 
of birth are due to abnormalities of development which directly or indirectly 
involve changes in the growth rate of the organs, it seems pertinent to include 
here for reference an abridgment of the Pottcr-Adair table of normal organ 
weight m relation to body weight at the time of birth (See table on p 201 from 
Potter and Adair, 1940, Table 16, p 33 ) Abnormalities of growth can be dis- 
cussed more conveniently m the following chapter m relation to other mal- 
formations 
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IN EXTERNAL FORM OF BODY 




Lrteret 1 ifutf 

CT 
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Rccoftsfruc/cd to JAc Same Total 

(Cro\VA-Kcel) 

Hci^Kt or Stature 

A The Skeleton 

B The Mcisculoture, Subcutoneou^i 
Tiejue and Skin 
C. The Major \^sceral Mass and 
the Central Nervouj ^tem 


Fio 114 Right lateral views of the newborn and adult reconstructed 
to same height or stature (From Scammon, after Wilmer, in Moms 
“Human Anatomy “) 
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v idual, successful artificial production of complete twins seems possible \VhiIe 
these experiments clearly indicate the sort of separating process which must 
occur, the heav> membrane (thickened 7ona pellucida) which surrounds the 
mammalian ovum during its early divisions (Fig 33) would seem to be a 
definite bar to an> fortuitous separation of the blastomeres during the cleavage 
stages It becomes necessary, therefore, to look for a similar process of separa- 
tion which might occur at a somewhat later stage of development 

A very suggestive condition occurs in the development of the armadillo, 
where identical quadruplets are regularly produced the subdivision of the 
inner cell mass of a single bIastoc>st into four parts, each of which develops 
into a complete embryo Specimens of sheep and pig embryos recovered at 
critical ages offer evidence that fortuitous separation of the inner cell mass 
(Fig 115, A) som( times occurs in forms which have an early blastocyst 
similar to that of primates Another closcl> comparable condition is not mfre- 
qucntlv encountered in largc-yolked forms m which the homologue of the 
inner cell mass is a flattened disk of cells on the surface of the ^olk-spherc 
Instead of a single bod> axis developing m this mass of proliferating cells, wc 
may find two (Fig 123) In either mammalian or sauropsidan embryos, pro- 
vided such twin centers of organization appear far enough apait so they do 
not interfere with each other’s growth, each center seems to have the poten- 
tiality of organizing a complete body (Fig 115, A-C) From such collateral 
evidence, the implication seems clear that identical twins m man arise from 
a single fertilized ovum as the result of its subdivision into two independently 
growing centers, either at the inner cell mass stage or the immediately suc- 
ceeding primitive embryonic disk stage 

As to the possible causative factors behind su< h a process, the situation is 
by no means so clear There is abundant experimental evidence indicating 
that environmental disturbances such as marked changes in temperature, or 
alterations in the chemistry of the surrounding medium or in oxygen supph, 
have a disturbing effect on centers of growth and differentiation Reasoning 
from these facts, an ingenious hypothetical interpretation has been advanced 
to the effect that when the normally dominant growth center is so disturbed, 
two or more adjacent areas with latent similar potentialities may take over a 
role they would not have assumed had thev remained under the dominance 
of the primary center This interpretation is consonant with the facts known 
at present, but we must frankly admit that our knowledge is as yet too frag- 
mentary to justify more than a tentaUve suggestion that the explanation may 
well he along some such lines 

Frequency of Multiple Births The discussion up to this point has been 
phrased m terms specifically applicable to twins and twinning The same 
principles can be broadened to apply to multiple births m general Quad- 
ruplets, for example, might be all fraternal, having drisen from four separate 
ova, or they might be monovular, all having arisen by division— and then 
immediate redivision— of the inner cell mass in the manner which occurs m 
twinning They might, also, be of mixed origin, two being fraternal twins and 
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TWINS 

Types of Twins It is a matter of common knowledge tint some twins 
look so much alike that it is diHicull to tell one from the other, whereas other 
twins may resemble each other but little and maj even be of opposite sexes 
It IS less gcncially known that there is a liiologically important difrcrcncc in 
the manner of origin of similar and dissimilar tvs ms T he production of two 
infants by coincident gestation is most commonly the result of the liberation 
and fertilization of two separate ova In such eases, the infants arc spoken of 
as fraternal tw ms (diov ular twins) 1 hey may or may not be of the same sex 
and may or may not resemble each other strikingly Really, they are “litter- 
mates” in the same sense that this expression is applied to the offspring of 
lower mammals m which plural birtlis arc the rule 

In contrast to this situation, “similar,” “identical,” or “duplicate” twins, 
as they arc variously termed, arc derived from a single fertilized ovum which 
has at a very early stage of development become divided into two independ- 
ently growing cell masses each of which eventually forms a complete indi- 
vidual For this reason, twins of this type may be designated as monovular 
The fact that two such individuals have exactly the same chromosomal herit- 
age explains their extraordinary physical and mental likenesses and also the 
fact that they are always of the same sex Monovailar twins are intensely 
interesting from psychological and sociological angles as well as from the bio- 
logical, for they offer an uncqualcd opportunity for studying the effects of 
different methods of training and different environmental factors on a pair 
of individuals with the same genetic constitution 

Monovular Twinning We have no complete senes of developmental 
stages showing us the precise mechanism of monovular twinning m the higher 
mammals Circumstantial and collateral evidence is, however, abundant and 
sufficiently clear in its implications so that there seems little doubt as to the 
general sequence of events We know that in many of the lower amraals 
twinmng can be brought about experimentally merely by separating the 
blastomeres during the early stages of cleavage How far along in the process 
of cleavage this separation may be earned out vanes greatly among different 
species, and seems to depend on how early the differential sorting out of 
developmental potentialities begins As long as the separated cell groups each 
contain all the potentialities necessary for the formation of a complete mdi- 
204 
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t»o being monovular Triplets might be rratcrnal or a combination of a pair 
of monovular individuals with another sibltng arising from a second ovum 
which did not undergo division The frequenej with which multiple births 
occur varies somewhat in different races The figttres for the United States 



lie 116 Schematic dia{?rams showing three different relations of the fetal 

membranes of twins (Modified from Bumm’s figures in Kollmann’s “Atlas ”) 

A, Diovular turns with entirely independent membranes B, Monovular twins 
C, Diovular twins implanted close to each other with resultant secondarv 
fusions of their membranes 

indicate that nvins may be expected once in every 88 births, triplets once m 
88 squared, and quadruplets once in 88 cubed Instances of more than four 
births at a time occur too infrequently to justify an attempt to put them on a 
stitistieal basis The mavimum number of simultaneous births well authen- 
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Fig 115 Schematic diagrams indicating the manner m ^vhich smgle-ovum 
twins are believed to be related ^Vlthm the blastodermic vesicle (Based, in 
part, on the work of Comer and Stricter ) A-C, The inner cell mass is depicted 
as separating into tW'O parts, early smd completely Such conditions might be 
expected to lead to the formation of entirely independent and physically normal 
twins D-F, The inner cell mass is represented as carrying out a somevvhat 
delayed and incomplete separation Such conditions might be expected to lead 
to the formation of conjoined twins 



DOUBLE MONSTERS 

examination of the membranes separating the t%%o fetuses for \estiges of 
decidua capsulans is all too frequentl> neglected 

Sometimes the relations of the extca-embr> omc membranes gi\e us an 
interesting sidelight on the manner m which the di\ ision might have occurred 
m the formation of the tisins This is particular!) hkel) to be the case m those 
rare instances when \er> >oung twin embryos are recovered An especiall) 
interesting case of human tisins of about six weeks’ fertilization age m which 
the embryos were attached to a common > olk-sac has been described b) Arev 
(Fig 117, A) Fig 117, Band C> indicate plausible hypothetical steps toward 
the condition found 

DOUBLE MONSTERS 


A rare accident m the deselopment of monos ular twins is to have them 
go through pregnanc) joined together and be born at full term as a “double 
monster ” The degree of fusion vanes from a slender connection of superficial 
tissues joining two almost completely independent mdixiduals, to fusions 
involv mg the skeleton and v isccra throughout most of the trunk so that onl) 
the head, or only the posterior part of the body, appears as double The place 
and the angle of fusion also differ so that o%er the >ears medical museums 
hav e assembled a great vanet) of these weird freaks An) classification of them 
IS of course arbitrar), but U has proved convenient to separate such double 
monsters for discussion into two mam categories (1) Equal conjoined twins, 
m which the two fused individuals arc fairl) S)’mmctricall) developed, and 
(2) unequal conjoined tvs ms, m which one individual is decidedly smaller than 
the other The smaller member of such an unequal pair is likely to be markedly 
lU-formed and Us appearance may suggest that of a grotesque parasite on the 
larger, more normal twin 


Equal Conjoined Twins Symmetneal double monsters ma) be grouped 
for stud), and named, according to the part of the bod) m which the fusion 
exists Three simple and convenient groups used b) Schwalbe are upper, 
middle, and lower unions Upper unions include those affecting pnmarilv 
the head-ncck level, middle unions those between the neck and the umbilicus, 
and posterior unions those primanl) caudal to the umbilicus Fusions at any 
of these levels may be back to back, face to face, or side to side If this general 
idea of the possibilities of unions at three levels, from three angles, and to 
varying degrees, is borne in mmd, the major types of double monsters which 
may be encountered can be figured out without unduly taxing the memory 
The matter is further simplified by the practice of naming them as far as 
possible, with the suffix -pagus (Greek root = fastened) tacked onto a familiar 
anatomical term designating the region of fusion, as for example, aamobagus, 
head-to-head union, thoracopagus, chest-to-chest union, Pygopagus, rump-to- 
rump union, and so on (Fig 118) f 

For some reason, s.de-to-s.de fusions seem to start either at the head or 
the rnmp end and never at thoracic levels There is, however, a tendency for 
lateral fusions to be quite extenstve, and the thorax is frequently secondanly 
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ticalcd for man appears to bt siv,* and the maximum ^vltll survival of all tfic 
offspring, five 'J hese figures arc for multiple births without regard to whether 
the offspring are monovular, fraternal, or a combination of tlic two 

\Vith regard to twins, there is fairly good evidence, mdic Uing that ajijiroxi- 
mately three-fourths of ill eases arc frattrn.il and only about ont-fourth 
monovular With regard to muUiplt births involving more than two indi- 
viduals, m the absence of adequate data we can only assume that a similar 
preponderance of fraternal types exists The tendency to product twin off- 
spring ^vhich appears in certain families stems to bt due to a hereditary tend- 
ency to mature more than tlit single ov'um usinlly produced by women at a 
given ovulatory period No evidence at present available indicates anything 
other than an ^tirely fortuitous occurrence of monovuhr twinning 



Fio 117 Monovular twins v'uh a common \olk•s^c A, Drawmij from an 
actual case involving l2-mm human embryos (After Arcy ) B, C, Hypo- 
thetical diagrams indicating how the conditions shown in \ might have been 
established 

Extra-cmbryonic Membranes in Twins There is a rather widespread 
belief that it is possible to tell whether twins are fraternal or monovular by 
inspection of the after-birth Although this is often truc^ there must be some 
reservations about conclusions so reached If the membranes of each fetus are 
romplete and entirely separate (Fig 116, A), there can of course be no doubt 
as to the origin of the twins from separate ova ^Vhere there is clearly a single 
chorionic vesicle containing both fetuses (Fig 116, B), the presumption is 
that the twins are monovular The difficulties come m connection with fra- 
ternal twins implanted very close together within the uterus When this 
occurs, secondary fusions of originally separate placentas may reach a degree 
of intimacy that is easily confused with conditions m monovular twins (cf 
Fig 116, B, C) When one remembers the torn condition of the membranes 
as they are presented for examination after delivery, and the fact that the 
decidua capsularis is usually so reduced that it can not be identified by the 
unaided eye, the difficulty of making a correct decision by mere inspection 
of the placenta is obvious The necessary additional step of making a histological 

iBarfurth (1895) menuona a stone tablet m G«nnany marking the site of a house wlicre seven 
fanls were said to have been bom simultaneously There ts too little information available however, 
to regard this as a substantiated case of muluple births 
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involved This tendency to spread over more than one region means that the 
lateral fusions do not readily lend themselves to designation with the -pagus 
suffix so useful with the more localized unions It is eustomar> to name them 
on the basis of the part which remains doubl<r-*#rito flnfmor or duphatas 
posterior (Figs 119, 120) 

Fortunately, most of the more mt>matel> joined double monsters, such as 



Fig 119 Slvetches ol conjoined twins m which the fusion is more extensive 
than in the cases illustrated in the preceding figure A, B, Fusions involving 
both thorax and head (cephalolhoracopagus) C, Upper parts of bodies com- 
pletely merged but lov\er parts still separate (duplicitas posterior) D, Complete 
fusion of lower parts of bodies but upper parts separate (duplicitas anterior) 
E, F, Conjoined twins m which the extent of the anterior duplication has been 
reduced by fusion of the thorax (E) and by fusion of the thorax and partial 
fusion of the head (F) 


the cephalothoracopagus illustrated in Fig 120, fail to survive Occasionally, 
less extensively joined twins live, usually to find their way into the circus side- 
shows 2 A very common — and pertinent — question asked m connection with 
these individuals is why no attempt is made to separate them surgically Such 
a procedure is theoretically possible if the union i$ superficial, but there is all 
too likely to be the sort of interlocking relation between the internal organs 

* The lay expression “Siamese twins’ generally used to mean any type of conjoined twias came 
Irom such publicizing of a xiphopagus pair brought to this country from Siam 
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Fig 118 Diagrams illustrating various types of conjoined twins (Adapted 
from a number of sources ) In all the cases here sketched both heads and both 
pairs of appendages retain their identity Contrast this group with the cases 
shown m Fig 119 in which more extensive fusion has taken place A-C, Head 
to-head fusion (cephalopagus) The three c<is« show different angles effusion 
D-G, Different degrees and angles of chest to chest fusion (thoracopagus) 
H, I, Two cases of rump-to rump fusion (pygopagus) 
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invoh ed This tendency to spread over more than one region means that 
lateral fusions do not readily lend themselves to designation nith the -pagns 
suffix so useful with the more localized unions It is customary to 
on the basis of the part which remains double— to mtmor or dupha as 
bosimor (Figs 119, 120) 

Fortunately, most of the more intimately joined double monsters, such as 



B 



C 


F 

Fig 119 Sketches of conjoined turns in uhich the fusion is more extensive 
than in the cases illustrated in the preceding figure A, B, Fusions involving 
both thorax and head (cephalothoracopagus) C, Upper parts of bodies com- 
plete!) merged but lower parts still separate (duplicjtas posterior) D, Complete 
fusion of lower parts of bodies but upper parts separate (duphcitas anterior) 
E, F, Conjoined twins in which the extent of the anterior duplication has been 
reduced by fusion of the thorax (E) and by fusion of the thorax and partial 
fusion of the head (F) 




the cephalothoracopagus illustrated in Fig 120, fail to survive Occasional!), 
less extensively joined twins live, usually to find their way into the circus side- 
shows ^ A very common — and pertinent — question asked m connection with 
these individuals is why no attempt is made to separate them surgically Such 
a procedure is theoretically possible if the union is superficial, but there is all 
too likely to be the sort of interlocking relation between the internal organs 

* The lay expression ‘Siamese twins ’ generall} used to mean any type of conjoined twins came 
from such publicizing of a xiphopagus pair brought to this country from Siam 
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shown m Fig 121 This, of course, means that an) surgical procedures for the 
St parnnon of conjoined iwms can be undertaken only after careful prclimmar) 
studies including adequate roentgenologic examination 

Unequal Conjoined Twins THic ongm and ilic possible sites of union 
of unequal conjoined iw ms arc the same as for the corresponding s>mmctncal 



Fig 120 Nature of the skeletal fusions in conjoined twins /\> X-ray of 
cephalothoracopagus (From Dondero, Malformazioni Feiah, 1937 ) B, X ra> 
of duphcitas anterior (After Quimby, Am J Roeni , Vol 2, 1914-15) G, 
Photograph of case of duplicitas an tenor (After Quimby, loc cit) 

double monsters The only essential diflcrence is that m the case of the unequal 
pairs something happens which interferes with the development of one of the 
twins so that its growth. lags, or normal differentiation fads to occur, or both 
processes are disturbed When this difference is considerable, the smaller and 
less complete twin is commonly spoken of as “parasitic” on the larger and 
more nearly normal member of the pair Examples of malformations of this 
type are shown m Fig 122 
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Theories as to Formation of Double Monsters We are probably nearer 
,o some understanding of the factors mvolved m the formation of double 
monsters than is the case with most developmental malformations “ “‘f’'- 

ous that we must be dealing with a monovular twinning process which has 
gone aivry As wc have seen, the collateral evidence from nonprimatc material 
indicates that this type of twinning in man must involve either a separation 



Fig 121 Semischematic dngram of a dissection of 'i thoracopagus to show 
the character of visceral fusion which ma> exist (Redrawn from Schwalbe 
Afissbildungen des Menschen und der Tiere ) 


of the growing cluster of totipotential cells within the young blastocyst m the 
mner-cell-mass stage, or their regrouping at a slightly older stage around two 
centers of differentiation in the early embryonic disk 

Very closely akin to this second possibility — to all intents and purposes 
merely a temporal variant of it~js a third possibility suggested by Newman 
He bchev cs that there may be sphttmg of the axial area of differentiation after 
It IS established m the embryonic disk It is entirely possible that in different 
instances any of these methods ma| be operative It is, moreover, by no means 
implausible that the time at which the separation occurs may be a critical 
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factor m determining whether normal twins or a double monster will result 
Certainly early and complete separation of the inner cell mass (Hg 115 , 
A-C) would seem to offer better possibilities for the formation of two complete 
and independent individuals, and the rclatiscly late or incomplete splitting 



Fic 122 Unequal Uvms In wch cases the simllcr member of a conjoined 
pair IS often spoken of as a “parasitic twin,” and the more ncirl^ normal one 
as the “autosite ” 

A, Case in which bod) of reduced twin consists largel) of a head Because 
of the head to head fusion and the smallness and incompleteness of one member 
of the pair the technical designation of such a case would be cephalopagus 
parasiticus 

B, Reduced twin attached to jaws of autosite (cpigmthiis parasiticus) 

C, Parasitic twin attached to epigastnc region of autosite 

D, Parasitic twin attached to thorax of autosite (thoracopagus parasiticus) 

E, Parasitic t\vin attached to rump of autosite (pygopagus parasiticus) 

F, The case here sketched is not one of conjoined tivans In this instance the 
only connection between the twins is an indirect one b) way of the common 
placenta One twin is represented only by a malformed head Whatever circu- 
lation reached this acardiac twan must have been pumped to it by the heart of 
the normal twin by way of common vascular channels in the placenta 


of the inner cell mass (Fig 115, D, F) would seem more likely to result in the 
formation of conjoined twins The double chick embryos illustrated in Fig 
123 are of the type that appear to have arisen by relatively late separations, 
and were probably on the way toward becoming conjoined twins 

A point of interest m connection with such embryos m laboratory animals 




Fig 123 Double chick embryos showing some of the developmental steps 
inv qI\ ed m the formation of double monsters A, B, T\s o stages m formation of a 
thoracopagus (cf Fig 118, F) C, D, Two stages in formation of a cephalothoraco- 
pagus (cf Fig 119, A, B) E, F, Two embryonic stages that might lead to the 
formation of a thoracopagus parasiticus (cf Fig 122, D) G, Embryonic 
cephalopagus 
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13 the relative frequency with which they appear in the study of large groups 
of embryos obtained very early in development, as compared with the much 
smaller proportion appearing at the close of embryonic life This difference 
indicates a very heavy mortality among such abnormal embryos during the 
developmental period In all probability, a similar situation exists in man, 
and the very small number of conjoined twins born at full term represents an 
apparent incidence of the condition which has been greatly reduced by mtra- 
Uterine death and elimination 

Embryomata and Teratomata In the literature the term teratoma mil 
be found applied to almost any kind of mixed tumor Under this usage, the 
gro%vths grouped together are exceedingly heterogeneous As we learn more 
about them, it is appearing increasingly desirable to separate off one group 
of these mixed tumors under the name of embryomata According to this 
usage, we would include under the embryomata those of the mixed tumors 
that had clearly differentiated organs or parts of organs representing all three 
of the primary germ layers Put m another way, to be classed as an embryoma 
a tumor must exhibit enough of the fundamental parts characteristically 
present in a normal embryo to suggest that it arose from an aggregation of 
cells which under other conditions might have produced a complete indi- 
vidual Such a usage implies acceptance of the interpretation that an em- 
bryoma starts as a potential identical twin which develops so poorly and with 
such defective molding of the body that its nature ceases to be evident except 
when Its internal structure is investigated by critical dissection and micro- 
scopical identification of tissues and organs 

It IS obvious that on such a basis there would be only an arbitrary dis- 
tinction between a parasitic twin and an embryoma Intermediate conditions 
arc exhibited by cases of the type designated as included fetuses Such a 
condition (fetus m fetu) is believed to arise when one member of a pair of 
conjoined twins, very early in development, starts to lag behind the other 
and eventually becomes encased m the body of the more normal tw m These 
included fetuses are usually greatly distorted as to bodily organization and 
grade into conditions one would prefer to designate as embryomata About 
all that can be said by way of a basis of distinction is that one would call it 
an included twin as long as gross examination showed recognizable body 
topography that made its nature immediately apparent When dissection 
and histological study of a formless mass is necessary to disclose its nature, one 
would call It an embryoma 


of n JTvTX” acquired through the courtes) 

i^i PP'V. specimen, cut open 

Ptatomicro^aphs, X 135, of smaU areas of histological sections from sample 
R °r^om rfT from the gross specimen The areas selected show 

B Choroid plexus, C Hair follicle and sebaceous gland, muxed mucous and serous 

^ 1 ^’ ^ endochondral bone formation, E, Sweat elands 

embedded m adult and embrvomc types of fat F i ^ 

thchum with mixed glands and cartilage adiacent G Patrli f ciliated epi- 
of tjTic occumng in cllon ® adltwent. G. Patch of intestinal mucosa 



218 


TWINS, DOUBLE MONSTERS AND ITRATOLOGY 


If tfic cmbryomala arc split off as a separate group, the teratomata would 
then be defined as mixed tumors which showed tissues or fragmentary parts 
of organs derived from more than one germ la>cr but showing Imlc or no 
suggestion of a normal architectural arrangement One of tlic more commonl> 
encountered teratomatous nnssts is the dtrvxoul c^sl This growth contains 
such structures as skin, limr, schactous glands, nails, and teeth Cartilage or 
bone ma> be present It will be noted that the structures mentioned represent 
cctodeim and mesodcim hut that tlicre is no characteristic cntodermal 
derivatuc Dermoid cysts seem to ha\c a strong tendency to arise m the 
gomds, especially the ovary They arc also likely to appear where ectodermal 
fusions occurred in the embryo, as, for example, the mid-dorsal line 





Fio 125 Teratoma m sacnl region — prolnbly of primitive streak origin 
(Photogriph, courtesy, Dr Max Pcet ) 

Other teratomatous masses appearing in the ovary or the testis may show 
disorganized fragments of organs with all three of the primary germ layers 
represented (Fig 124) It is exceedingly difficult to postulate a logical senes 
of developmental stages by which such growths could be interpreted as in- 
cluded twins, or embryomata, in the sense employed m this discussion 
Although there may be some plausibility m the suggestion that an ovarian 
pregnancy could be the start of a teratoma of the ovary, the same line of 
reasoning will obviously not explain similar teratomata of the testes It seems 
more logical to suspect that teratomata of the gonads may be neoplastic 
growths of the totipotential germinal tissue there present In hne with such a 
tentative interpretation are the large teratomata which are seen not infre- 
quently m the sacral region (Fig 125) They are most likely to appear where 
they could be accounted for on the basis of an unorganized grow th of toti- 
potential cells from the primitive streak region of the embryo It must, 
however, be admitted frankly that considerable further study of these extraor- 
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dmary growths ts necessary before an, of the canons .nterprctabons of 
them can be supported with assurance 


TERATOLOGY 


Translating its roots literally, the word teratology means the stud, of 
monstrosities The term is frequentl, more broadly used « >nclude ^ J 

of an, abnormality arising in the course of development e have, theref , 
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Fic 126 Cases of sirenomelus A, Sketch of a specimen (No 1035) m 
the KoenigUschcs Pathologisches Museum of Berlin Note that the t\\ o feet 
although fused can be separately distinguished, — hence the designation 
Sirenomelus sj^mpus dipus B, Sirenomelus apus (After Dondero ) C, X-ray 
of specimen shoun in B (After Dondero) Note complete absence of the 
bones of the feet 


already been m one of the fields of teratology m discussing conjoined twins 
and embryomata Other fields would be malformations of the general external 
structure of the body due to factors other than distorted twinning and — using 
the term in its broadest sense — abnormalities of the internal organs From 
the standpoint of convenience and clearness of presentation, it seems prefer- 
able to discuss the commoner abnormalities of each organ system in the chap- 
ter devoted to the development of the system m question By so doing, each 
of the developmental aberrations will be thrown into the clearest possible 
contrast with the normal course of events from which it has diverged Since 
we have already considered the formation of double monsters in connection 
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If the embryomata arc split off as a separate group, the Icratomata tiould 
then be defined as mised tumors which showed tissues or fragmentary parts 
of organs derived from more than one germ layer but showing little or no 
suggestion of a normal arebiteetural arrangement One of the more commonly 
encountered teratomatous masses is the dnmmil cjsl Tins growth contains 
such structures as skin, hair, sebaceous glands, nails, and teeth Cartilage or 
bone may be present It will be noted that the structures mcntioticd represent 
ectoderm and mesodcim but that llicrc is no cliaractcnstic cntodcrmal 
dcrisatnc Dermoid cysts seem to base a strong tendency to arise in ihc 
gonads, especially the osary They' arc also likely to appear where ectodermal 
fusions occurred in the embryo, as, for cvamplc, the mid-dorsal line 



Fio 125 Tcraiorm in sicnl retpon — probibl^ of primitive streak origin 
(Photograph, courtesy. Dr Max Pcct ) 

Other teratomatous masses appearing m the ovary or the testis may show 
disorganized fragments of organs with aJI three of the primary germ layers 
represented (Fig 124) It is exceedingly difficult to postulate a logical senes 
of developmental stages by which such growths could be interpreted as in- 
cluded twins, or embryomata, m the sense employed m this discussion 
Although there may be some plausibility in the suggestion that an ovarian 
pregnancy could be the start of a teratoma of the ovary, the same line of 
reasoning will obviously not explain similar teratomata of the testes It seems 
more logical to suspect that teratomata of the gonads may be neoplastic 
growths of the totipotential germinal tissue there present In line with such a 
tentative interpretation are the large teratomata which are seen not infre- 
quently in the sacral region (Fig 125) They are most likely to appear where 
they could be accounted for on the basis of an unorganized growth of toti- 
potential cells from the primitive streak region of the embryo It must, 
however be admitted frankly that considerable further study of these extraor- 
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d.„ary growths ts necessary before any of the vanous .nterprctat.ons of 
them can be supported with assurance 


TERATOLOGY 


Translaung its roots literally, the word teratology means *e study o 
monstrosities The term is frequently more broadly used to include the study 
of any abnormality arising in the course of dcielopment ^Ve have, therefore, 



Fig 126 Cases of sirenomelus A, Sketch of a specimen (No 1035) in 
the Kocniglisches Pathologischcs Museum of Berlin Note that the two feet 
although fused can be separalel) distinguished, — hence the designation 
Sirenomelus sjmpus dtpus B, Sirenomelus apus (After Dondero ) C, X-ray 
of specimen shown in B (After Dondero ) Note complete absf*nre of the 
bones of the feet 


already been m one of the fields of teratology in discussing conjoined twins 
and embryomata Other fields would be malformations of the general extern il 
structure of the body due to factors other than distorted twinning and — using 
the term in its broadest sense — abnormalities of the internal organs From 
the standpoint of comeniencc and clearness of presentation, it seems prefer- 
able to discuss the commoner abnormalities of each organ system m the chap- 
ter devoted to the development of the system in question By so doing, each 
of the developmental aberrations will be thrown into the clearest possible 
contrast with the normal course of events from which it has diverged Since 
we have already considered the formation of double monsters m connection 
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widi luinnmg, and plan to ddtr the discu<?ion of anomaltcs involving spccjfic 
organs, tlitrt rtinam for consideration at this tnne inalfonnations involving 
external body form, bocl> proportions, or the molding of the appendages 
Frankly, the conditions we arc about to consider have hitlc m common other 
than the fact they arc developmental anomalies that can be considered here 
more conveniently tlian elsewhere Let us first see wliat some of these 
anomalies arc like, and then turn our attention to tlic possible causative 
fat tors 

Malformations Involving Legs and Arms Instead of growing indcpcnd* 
tmly, the two posterior appendage buds may fust with each oilier to form i 



Tio 127 Devclopmcnnl disiurbmccs m fomntion of the appcndai»cs A, 
Amelia (After Rroman ) B, Phocomclia (From Broman, after Shatz ) C, Dii- 
torted legs and hip joints (From Broman, aflcr Royal College of Surgeons’ 
museum specimen ) 

single tapering mass suggestive of a body which is fishhke in its caudal half 
(Fig 126) To the older anatomists who were wcUvcrsedmclassicalmythology, 
this suggested the mermaid (siren) with the upper body of a beautiful woman 
and the tail of a fish, and so this condition received its name of sirenomelus It 
would be interesting to know whether or not the original concept of the mer« 
maid started from seeing malformed infants of this type and then developed 
by giving rein to the imagination in embellishing the condition 

Many other malformations occur which involve the legs, or both the legs 
and the arms An exceedingly rare anomaly is complete failure of both p^irs 
of appendages to develop, a condition known as ameha (Fig 127, A) There 
may be fairly normal-appearing hands and feet, which, by reason of failure 
of the hmbs to elongate, seem attached directly to the trunk (Fig 127, B) 
This condition is known as phocomtUa because of the resemblance of the mal- 
formed appendages to a seal’s flippers Less uncommon than the foregoing 
are developmental defects which arc not so extreme The^ may affect either 
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Fic 128 Various types of defects of hands and feet A, B, Double hand 
(dichirus) (After Coming ) C, D, Double feet (diplopodia) (After Coming ) 
E, r, Polydactyly (After Broman) G, Syndactyly of hand (After Broman ) 
H, SyTidactyly of foot (After Broman ) 1, Cleft, or “lobster-claw” hand (After 
Coming ) J, Amputation of fingers (After Corning ) K, Skeletal configuration 
m polydactyly of hand (After Broman ) L, Skeletal configuration in syndactyly 
of foot (After Coming ) M, Doubled great toe (After Coming ) N, Skeletal 
configuration in polydactyly of foot (After Coming ) 
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t fic arms ot the Icg<5 alone or even n single arm or kg with all other appendages 
norim! An example of a ease m which the two legs arc asymmcincally 
deformed but both arms arc normal is illustrated in Fig 127, C 

Malformations of Hands and Feet In view of tlic complex processes of 
chfTcrcntntion involved in the fonnntion of structures such as the human 
extremities, it is not surprising that a variety of developmental defects should 
be encountered Fortunately, none of them occurs with any frequency A 
very uncommon but most striking anomaly appears to be due to a tendency 
for the entire extremity to divide distaily, resulting m more or less complete 
duplication of tlic digits When ibis involves the hand, the malformation is 
known as tlirlnrus (Fig 128, A, B), the corresponding anomaly of the foot is 
ealled (Fig 128, C, D) A similar process of duplication may inv’olvc 

only a single digit, resulting in the common ty'pcof/Jo/)£/<7ir/)/> (Fig 128, E.F) 
There may be a failure of the developing digits to become normally separated 
from cacli other, thus producing an anomaly known as syndaclyl) (Fig 128, 
G, H) Still another disturbance is the failure of one or more digits to form, 
causing a condition known as Qhf!fidarl)l^ (Fig 128, I) Outline diagrams 
showing the nature of the distortions appearing m the bones in some of the 
foregoing ty'pes of anomalies will be found in Fig 128, K-N The strong 
tendency toward hereditary transmission of malformations of the extremities 
IS vividly shown by the family groups dcpicfcd in Fig 129 

There IS another type of anomaly involving either the fingers or the toes 
which was interpreted by all the older writers as the result of ommolic adhtstons 
Bands of nmniotic tissue were believed to conslncl a digit, or even an entire 
limb, interfering with us nutrition and growth and finally causing its distal 
portion to degenerate and pcrliaps even drop off altogether (Fig 128, J) 
This process was spoken of ns “amniotic amputation ” Streeter (1930) studied 
large numbers of such eases with extreme care His conclusion was that a 
focal degenerative process m the extremity itself is the primary cause The 
ammotic adhesions, which undeniably do sometimes occur at the point of 
amputation, are regarded by Streeter as secondary He interprets them 
merely as expressions of the general tendency' of fibrous adhesions to form 
at any site where tissue destruction has left areas dev'oid of their normal 
epithelial covering 

Persistence of the Tail A well-developed tail will be remembered as one 
of the conspicuous characteristics of human embryos of the second month 
(Figs 58-60) In the normal course of events, during the third month the 
tail disappears as an external feature (Figs 106, 109) This is due in part to 
regressiv e changes m the tail itself, and m part to the concealment of what is 
left of the tail m the crease between the rapidly growing buttocks Occasion- 
ally, the tail not only fails to regress but actually continues to grow m pace 
with the rest of the body (Fig 130) Outside of the medical profession one is 
unlikely to know of the occurrence of such an anomaly because the tail can 
be so easily removed surgically, and the patient and the family are reluctant 
to admit the possession of such tangible evidence of them evolutionary history 
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Fig 129 Famil> groups showing inheritance of developmental defects of 
the appendages A, Brazilian family with agenesis of hands and feet (From 
Streeter, after Turner ) B, Syndactyly m the hands of a father, and (C, D, E) 
three sons (After Broman ) 
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Gigantism and Acromegaly Gigantism appears to he due pnmaril)' to 
an endocrine disturbance involving excessive production of the growth- 
promoting hormone of the anterior lobe of the hypophysis This hyperac- 
tivity, moreover, must begin during the growth period if true gigantism is to 
be the result Its effect seems most strikingly exerted on the bony framework 
of the body, although other tissues must obviously keep pace w'lth skeletal 
growth When this disturbance begins carl) and continues throughout the 
growth period, mdividuiils up to nearly nine feet m height may result (fig 
ni, A) If the excess production of growth-promoting hormone docs not 
commence until the normal growth period of the individual is partially 
passed, there is less striking increase in height but the hands, the feet, and the 



Fio 130 Two cases of the persistence of a well developed 
tail in human subjects A, Redrawn from a ease reported by 
Harrison B, Rednim from a ease reported by Schultz This tail, 
in a 12-year-old boy, was nine inches long 

jaws will undergo marked overgrowth, imparting an unmistakably charac- 
teristic appearance to the individual TTic condition is known as acromegaly 
(akron — Greek root meaning peak or summit, and hence the derived implica- 
tion, tip or extremity) Extreme eases of gigantism are commonly the sequel 
to hyperpituitarism which is due to a particular type of tumor (acidophile 
cell) of the anterior lobe of the hypophysis, so it is not surprising that such 
individuals are likely to die relatively young If the afflicted person does live 
into adult years, skeletal changes of the acromegalic type are superimposed 
on the gigantism (Fig 131, B) 

Pwarfism The conditions underlyang dwarfism are complex and far 
from thoroughly understood If we take the commonly given definition of a 
dwarf as “an undersized person,” then there are certainly several quite 
different types One type of dwarf tends to be slender and of fairly normal 
proportions (Fig 131, E, F) Such individuals are usually, though not 
invariably, poorly developed sexually and sterile Dwarfism of this type is 
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believed to be attributable to conditions essentially the reverse of those 
producing gigantism— that is to say. there is a deficiency instead of an excess 
of the growth hormone of the anterior lobe of the hypophysis The lack of 
sexual development, when present, is attributable to a deficiencv of the 
gonadotropic hormones which are also formed in the anterior lobe of the 
hypophysis This pituitary dwarfism may appear sporadically in apparently 
normal families As far as it is possible to judge from rather inadequate records 



Fio 131 Examples of varioiis disturbances of growth due to endocrine d)S- 
function AH the figures represent adults, drawn to the same scale 

A, Gigantism with fairly normal bodily proportions, age 19, heigh: 8' 8” 
(From a photograph m Lt/r, Oct 1937 ) 

B, Gigantism, with acromegaly Age 36 years, height 8* 3", weight 275 lbs 
(From Cushing “The Pituitary Body and Its Disorders ”) 

C, Adiposogenital dystrophy m male Age 16 years, height 6' 0", weight 
275 lbs (From Babcock ‘ A Textbook of Surgery ”) 

D, Adiposogenital dystrophy m female (From Swale Vincent “Internal 
Secretion and the Ductless Glands ”) 

E, Infantilism m a female, as a result of hy'popituitarism Age 21 years, 
height 4' 6", weight 67 lbs (From Engelbach “Endocrine Medicine ”) 

F, Infantilism m a male Age 27 years, height 4' 0" (After BramweJl ) 

G, Untreated myxedema Age 29 years (FromFalta “Endocrine Diseases ”) 

H, “Midget ” Age 18 years, height 1' 7", weight 12 lbs (From Li/f, 1938 ) 

on the small proportion of such individuals capable of having offspring, the 
condition is not necessarily inherited 

Dwurfism of another type appears to be due to congenital deficiency of 
the thyroid gland When untreated by the administration of thyroid extracts 
such individuals develop into cretins The typical picture is that of a person of 
dwarfed stature and usually of rather heavy bodily proportions The skm is 
excessively thick and puffv due to overdevelopment of the dermal connective 
tissue This condition of the skm (myTcedema) makes the lips tend to protrude 
and gives a generally ill-molded effect to the features (Fig 131, G) Cretins 
are likely to be slow of intellect and speech but arc not usually sterile It is 
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certain that environmental faetur& are imi>ortant in the production of this 
condition, for large groups of cretins tend to appear in certain geographical 
districts where iodine, so necessary for the normal development and function 
of the thyroid gland, is markedly deficient m the ground water and hence in 
both drinking water and foods That there may be also some hereditary 
factor involved is suggested by reports of eases of infants with defective thyroids 
being boin to trttin parents after they had ceased to live m an lodme-poor 
iirta 

An t\tnordin»uy lyjjc of dwarf is tlit indiMdual commonly known as a 
“midget” Such jKopU, allhougli of fairly normal proportions, may be as 
little as tuo feel in licight One ease, featured in “Life” magarinc (1937) as 
the smallest known adult human being, at the age of 18 years was only 19 
inches tall, and ^veighed but 12 pounds (Fig 131, H) Little is known con- 
cerning the underlying causes of tins {vpc of dwarfism TIic individuals seem 
to appear sporadically as (he offspring of parents of normal size In the case 
illustrated, the midget’s father was si\ feet, two inches, and his mother five 
feet, si\ inches tall, ind there was no knovvn history of dwarfism in the parents’ 
families There were, however, two midget sisters of the dwarf, one 22 and 
the other 33 inches tall 

Another type of excessively short individual ordinarily spoken of as a 
dwarf is the victim of a condition known as chondrodystrophy, or achondro- 
plasia It would perhaps be more accurate not to regard such persons as 
dwarfs, for their trunk is of perfectly normal size, their shortness being due 
entirely to the shortness of the long bones of the appendages (Fig 178) This 
condition, which will be referred to again m connection with the develop- 
ment of the skeletal system, is definitely hercditnn 

Adiposogenital Dystrophy A disturbance of body proportions which 
involves excessive accumulations of fat rather than any abnormality of height 
IS known as adiposogenital d)'s(rophy (Fig 131, C, D) The underlying diffi- 
culty m this condition is attributable to the anterior lobe of the hypophysis 
Among other things, there is a deficiency m the gonadotropic hormones, so 
there IS poor sexual development Thyroid function may also be at a low 
level This, together with the hypogonadism, is involved in the poor efficiency 
of fat oxidation and the resultant gross excess of its accumulation in the fat 
depots of the body 

Gross Distortions of Body as a Whole Occasionally, one sees embryos 
which are grossly malformed both as to external configuration and internal 
structure They give one the impression that the whole complex mechamsm 
of growth and differentiation has been hopele^y upset Under such circum- 
stances, by the time their feeble and distorted development runs its course 
they may show all sorts of grotesque conditions (Fig 132) Fortunately, such 
embryos, almost without exception, fail to become viable and are aborted 
The knowledge that m many instances a spontaneous abortion is protection 
against the birth of a defective infant may be very useful to a physician m 
dealing with a disappointed patient 
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Causative Factors m Abnormal Development It is disconcerlmg for a 
,,h>l.an-or an embr> ologist-to be asked by distressed parents for the cause 
of some particular type of anomaly with which their child is afflicted Eve 
more troublesome is the pertinent question that is sure to follow as to whether 



Fig 132 Five stunted and poorly molded (“cylindrical”) embryos A, Uni- 
versity of Michigan Coll , EH 303, C*R, 3 mm B, After Mall and Meyer, 
Carnegie CoU , 2173, C-R, about 12 mm G, After Mall and Meyer, Carnegie 
Coll , 2222, C-R, about 4 5 mm D, University of Michigan Coll , EH 144, 
uibal pregnancy, C-R, 13 5 mm E, After Mall and Meyer, Carnegie CoU, 
885, C-R, about 9 5 mm 

or not the same thing is likely to happen in another pregnancy Too frequently , 
under such circumstances, -wt arc far from sure that \ve know the correct 
answers As is the case in most baffling situations, those who know least are 
likely to talk with the most assurance Without doubt, this has been so ever 
since man became vocal, and m all the intervening years the number and 
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variety of “explanations” for malformations that have been advanced without 
any basis m fact arc truly astonishing They range all the way from such naive 
animistic conceptions as that of Pliny that “Nature creates monsters for the 
purpose of astonishing us and amusing herself,” to fantastic alleged causes 
like intercourse during the menstrual period Tlie Roman god Vulcan was 
supposed to owe his deformity to Juno’s violation of the taboo surrounding 
this period Even mtcrcourse wuh animals has been said to be responsible 
for the production of monsters The Centaurs of Greek m>thoIogy were 
supposed to have so arisen Interesting as arc the superstitions and the folklore 
attaching to this as to all phases of childbearing, it would cany us too far 
afield to dwell here on such matters 

There IS, however, a belief in the cficct of what is spoken of as “maternal 
twpresstonst*^ or “prenatal influence,” which belongs in the folklore category 
but, ncvcrtlicicss, is still sufficiently widely credited among lay persons to call 
for comment It is astonishing liow many people believe that a fright or an 
unpleasant sight during pregnancy will cause a child to be “marked” m a 
manner suggesting the incident This is, of course, utterly groundlcis, but 
even a careful explanation that the molding of the external car takes place 
during the seventh to the tenth week will not alwa>5 convince a woman 
steeped m old wives’ talcs that the malformed left car of her infant son really 
could not have been caused by the fright she got m the sixth month of her 
pregnancy when she was held up and robbed by a man with a cauliflower car 
Part of the difficulty of convincing the woman, it must be admitted, lies in 
the fact that we are not able to offer with conviction a simple and readily 
understandable explanation to take the place of her unscientific but emotion- 
ally satisfying one 

In dealing with the causative factors involved in developmental mal- 
formations, most of our discussion must be guardedly tentative It is true that 
we now know many things that can be ruled out but we are realizing with 
increasing clearness that no simple blanket explanation is adequate to cover 
the astonishing variety of cases encountered, and that each type of defect 
must be studied intensively and separately From such studies we are at least 
beginning to know the directions m which we must seek the underlying causes 
As m so many other instances, we come back again from still another angle 
to that basic problem of the interplay of heredity and environment Beyond 
a doubt, both are involved m the causation of anomalous dev elopment, but 
any generalizations as to their relative importance are unwise because m dif- 
ferent anomalous conditions the causative factors vary All the possibilities 
must be carefully scrutinized for the specific case under consideration Certain 
malformations, such as some of those of the extremities we have just con- 
sidered (Fig 129), are mherited with a regularity that suggests a dominant 
character perhaps dependent on a gene defect which originated as a mutation 
A similar situation seems to exist with other conditions such as the long-bone 
defects of achondroplasia (Fig 178) 

There are many other malformations in which heredity would seem to be 



l-ERAIOLO&Y 


229 


imphcated but in a manner much less easy to follow Such defects, for 
example, as cleft Up and deft palate (Fig 253) on the basis of present evidence 
appear to be inherited in the manner of a Mendelian recessive character 
This, of course, means that the defect might be carried in the germ plasm of an 
appiently normal individual until a mating occurred with another person 
with the same latent defect Even with rapidly breeding laboratory animah 
under controlled conditions, it is no simple matter to determine the exact 
manner in which such recessive characters are transmitted \S'^hen one takes 
into consideration the facts (1) that data for the genetic studv of man have 
been collected for only a comparatively brief period, (2) that human germ 
plasm IS appallingly heterozygous in comparison with the purity of line 
demanded by any animal breeder, and (3) that it is not feasible to set up 
specific matings to satisfy our scientibc curiosity, it does not seem surprising 
that we have made such slow progress m unraveling the transmission of reces- 
sive traits Much more extensive and more carefully kept records must be 
available before the more intricate of the hereditary problems can be faced 
with assurance Bui this should not make us unwilling to take constructive 
action toward stopping the hereditary stream of such defects as we already 
know to be directly inheritable 

Specific and readily recognized traits are by no means the onlv ones 
carried by heredity Subtle differences in the vitality of the fertilized egg arc 
transmitted to it through the germ plasm Some families are conspicuously 
long-lived and others tend to early death VVe are so familiar with these 
hereditary differences m longevity that it seems trite to mention them, never- 
theless it IS often overlooked that this sort of difference reaches back into 
embryonic life An egg capable of responding to fertilization may develop for 
only a short time because of a hertditary lack of normal vigor, or lack of the 
normal capacity for differentiation With somewhat nearer normal vigor of 
growth and differentiation there may be the lack of adequate regulation of the 
function of some of the growing tissues, as, for example, excess production of 
the growth hormone by a hyperactive anterior lobe of the pituitary, or defi- 
cient production of thyroid hormone Such disturbances in the regulation of 
the activity of one organ, in turn, cause the structural abnormalities of other 
organs, for development is a progressively constructive process which can not 
be disturbed at one point without bringing consequential changes at » whole 
senes of others 


The disturbances we have just been considering are of the so-cailed 
intrinsic type That is to say, they operate from within the embryo itself, and 
as far as we know anything about their ultimate origin we would have to 
attribute them to something wrong with what the embrvo received by hered- 
ity This IS by no means the only way in which developmental defects may be 
caused There is abundant experimental evidence from animal material that 
abnormalities may be produced bv modifying the environment The variety 
of mechanical, physical, and chemical means which may be effectively em- 
ployed ,s surprising Mechanical separation of blastomeres as an artificial 
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means of producing iwms in ccrlam of the lower forms lias alrcad> been 
mentioned Tlu start at least of double heart formation may be induced by 
exerting pressure between tlic paired cardiac primordia at the time they 
should normally be fusing (Goss, 1935) 

Although direct injury or continued pressure can cause a variety of defects 
m the embryos of lower animals developing outside the body of the mother, 
the sheltered intra-utenne habitat of the human embry’o greatly reduces the 
likelihood of mechanical injuries playing any sigmheant r6le m the causation 
of its anomalies The most frequently cited examples of inalform itions caused 
by mechanical damage m man have been ilit so-called amniotic amputations 
As we have seen, Streeter’s recent study of sucli conditions indicates that the 
primary cause is a local necrosis and that such amniolic adhesions as may be 
seen are secondary' and not causative The protection afforded by the ab- 
dominal and uterine walls, togcdicr with the cushioning action of the amniotic 
fluid, makes the traumatic injury of the human embryo through falls or 
blows very unlikely When such accidents lead to aliortion, it is rather through 
hemorrhage at the site of placental attachment tlian through direct injury 
to the embryo itself 

Physical factors whicli hast been found to be involved m the production 
of anomalies in experimental work witli animals an temperature changes and 
radiation The dropping of the temperature to levels where growth is seriously 
slowed, or stopped altogether, followed by return to normal incubation tem- 
peratures, produces a high incidence of abnormalities m the eggs of birds 
In a number of forms, including some of the mammals, irradiation witli 
sublethal doses of x-rays or radium emanations has been reported to cause 
anomalous development The observations on temperature changes are proba- 
bly of purely theoretical interest as far as human development is concerned, 
for It seems exceedingly unlikely that any temperature changes of sufficient 
magnitude to affect the embryo occur within the uterus ^Vlth the extent to 
which x-rays are being used m modern medical practice, it would be pertinent 
to know much more than we now do about their effect on dev'clopment, 
although there seems no reason to believe that any danger of causing mal- 
formations IS involved in their use at the intensities commonly employed in 
clinical work 

Change in the relative amount of various chemicals usually present in sea 
water causes the production of anomalies of several different types in fish 
embryos An insufiicient amount of oxygen has similar effects on a wide 
variety of forms Recently, Warkany and his co-workers have shown in a 
brilliant senes of studies on rat embryos that skeletal defects may be caused in 
offspring by feeding defective diets to the mothers Moreover, the malforma- 
tions apparently do not occur in merely haphazard fashion but their nature 
may be predicted to a certain extent on Ae basis of the specific vitamin 
fraction withheld 

A conception of very great theoretical importance was put forward by 
Stockard as a result of his classic experiments with the common marine mm- 



TERATOLOGY 


231 


now, Funduhis He noticed that different disturbances applied at the same 
phase of development would tend to produce the same defects, whereas the 
same disturbing factor applied at different phases of development produced 
different defects On further analysis, the effect that all the disturbing agents 
seemed to hav e m common was the power of slowing or stopping grow th ^nv 
effective treatment— w hetht r it was a drop m temperature, a low* ring of 
oxygen supply, or a deleterious alteration of the balance of the salts in the sea 
water — would exert this retarding action most strongly on whatever develop- 
mental process happened to be in a rapidly changing phase at the moment 
the treatment was applied That there arc such accelerated phases m the 
development of each of the organ systems is well known For example, there 
is the period of tremendously rapid change for the central nervous svstem 
when it IS being transformed from a thickened axial plate into an intcrnall) 
placed tube According to Stockard’s conception, anomalies of the central 
nervous system would be produced by any sort of disturbing influence opera- 
tive at this critical period m its molding Other organ systems growing more 
slowly w'ould be unaffected However, let anv one of these growth-disturbing 
factors become operative at some other lime, when another organ was m a 
critical phase, and that organ would be the one that showed defective develop- 
ment According to Stockard’s conception, the inhibiting action does not 
need to last long, for the center of accelerated activity shifts from one organ 
to another as development progresses, and if an organ fails to “take its tide 
at the full” and differentiate at the time of its transient metabolic dominance, 
It never can cany out fully the critical changes which should then have been 
culminated 

Stockard’s interpretation seems to explain sntisfactorily a great many 
otherwise puzzling results of experimental disturbances of environmental 
conditions It would appear, however, that there has been a little tendency 
for people to be swept off ihcir feet by the seeming simplicity of the explana- 
tion and the brilliance of the work that led to its advancement As we shall 


see later, w hen certain dev elopmental defects of the nerv ous svstem and of the 
heart are discussed, the abnormal conditions which appear are far more 
V aned than can possibly be accounted for on the basis of a mere cessation or 


retardation somewhere along the course of normal development There arc 
certainly many anomalies which can most readily be so explained, but there 
arc others whtch are due to such widel, dnergent processes as growth which 
his gone too tar, resorption which has gone too far, resorption which has not 
gone far enough, or growth fairly normal in amount but abnormal in location 
Such radical diCferenccs in the immediate mechanisms concerned should 
give us piuse m considering any “blanket explanation” of congenita! defects 
Certainly the ultimate solution of the intricate problem of their causation 
will not be advanced by os ert mphasi^ing the developmental-arrest concept 
when congenital defects may equally possibly be the result of a resorpt.se 
process sshich his gone astray, or a grossth process which has failed to stop 
soon enough Pending the acquis, twn of more satisfactory- knowledge is to 
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means of producing twins in certain of the lower foniis has already been 
mentioned The start at least of double heart formation may be induced by 
exerting pressure between the paired cardiac pnmordia at the time they 
should normally be fusing (Goss, 1935) 

Although direct injury or continued pressure can cause a variety of defects 
in the embryos of lower animals developing outside the body of the mother, 
the sheltered inlra-utcnne habitat of the human embryo greatly reduces the 
likelihood of mechanical injuries playing any significant rfilc in the causation 
of Its anomalies The most frtquenlly eiicd examples of malformations caused 
by mechanical damage in man have been the so-called amniotic amputations 
As we have seen, Streeter’s recent study of such conditions indicates that the 
primary cause is a local necrosis and that such amniolic adhesions as may lx. 
seen arc secondary and not eausativ'C The protection afibrded by the ab- 
dominal and uterine walls, together vv ith the cushioning action of the amniotic 
fluid, makes the traumatic injury of the human embryo through falls or 
blows v’cry unlikely ^Vhen such accidents lead to abortion, it is rather through 
hemoiThage at the site of placental attachment than through direct injury 
to the embryo itself 

Physical factors which have been found to be involved in the production 
of anomalies in experimental work with aniinais arc teniperoiurc changes and 
radiation The dropping of the temperature to lev els w here growth is seriously 
slowed, or stopped altogether, followed by return to normal incubation tern 
peratures, produces a high incidence of abnormalities in the eggs of birds 
In a number of forms, including some of the mammals, irradiation with 
sublethal doses of x-rays or radium cm'inations has been reported to cause 
anomalous dev clopmcni The observations on icmpcnlurc changes are proba- 
bly of purely theoretical interest as far as human development is concerned, 
for It seems exceedingly unlikely' that any temperature changes of sufficient 
magnitude to affect the embryo occur within the uterus With the extent to 
which x-rays are being used in modern medical practice, it would be pertinent 
to know much more than we now do about their effect on development, 
although there seems no reason to believe that any danger of causing mal- 
formations IS involved in their use at the intensities commonly employed in 
clinical work 

Change in the relative amount of various chemicals usually present in sea 
water causes the production of anomalies of several different types in fish 
embryos An insufficient amount of oxygen has similar effects on a wide 
variety of forms Recently, Warkany and his co-workers have shown in a 
brilliant series of studies on rat embryos that skeletal defects may be caused in 
offspring by feeding defective diets to the mothers Moreover, the malforma- 
tions apparently do not occur in merely haphazard fashion but their nature 
may be predicted to a certain extent on the basis of the specific vitamin 
fraction withheld 

A conception of very great theoretical importance was put forward by 
Stockard as a result of his classic experiments with the common marine mm- 
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now, Fundidus He noticed that different disturbances applied at the same 
phase of development would tend to produce the same defects, whereas the 
same disturbing factor applied at different phases of development produced 
different defects On further anai>sis, the effect that all the disturbing agents 
seemed to base in common was the power of slowing or stopping grow th 
effective treatment—whether U was a drop in temperature, a lowering of 
o\^ gen supply, or a deleterious alteration of the balance of the salts m the sea 
water — would exert this retarding action most strongly on whateser develop- 
mental process happened to be in a rapidly changing phase at the moment 
the treatment was applied That there arc such accelerated phases in the 
development of each of the organ systems is well known For example, there 
15 the period of tremendously rapid change for the central nervous svstem 
when It IS being transformed from a thickened axial plate into an mternallv 
placed tube According to Stockard’s conception, anomalies of the central 
nervous system would be produced by any sort of disturbing influence opera- 
tive at this critical period in its molding Other organ systems growing more 
slowly would be unaffected However, let any one of these growth-disturbing 
factors become operative at some other time, when another organ was in a 
critical phase, and that organ would be the one that shovs cd defective dev elop- 
ment According to Stockard’s conception, the inhibiting action does not 
need to last long, for the center of accelerated activity shifts from one organ 
to another as development progresses, and if an organ fails to “take its tide 
at the full” and diffc« ntiatc at the time of its transit nt metabolic dominance. 
It never can. cany out fully the critical changes which should then have been 
culminated 

Stockard’s interpretation seems to explain satisfactorily a great man\ 
otherwise pU72lmg results of experimental disturbances of environmental 


conditions It would appear, however, that there has been a little tendency 
for people to be swept off their feet by the seeming simplicity of the explam- 
tion and the brilliance of the work that led to its advancement As we shall 
sec later, when certain dev elopmcntdl defects of the nerv ous sy stem and of the 
heart are discussed, the abnormal conditions which appear are far more 
varied than can possibly be accounted for on the basis of a mere cessation or 


retardation somewhere along the course of normal development There arc 
certainly many anomalies which can most readily be so explained, but there 
are others which are due to such widely divergent processes as growth which 
has gone too far, resorption which has gone too far, resorption which has not 
gone far enough, or growth fairly normal m amount but abnormal m location 
Such radical difTcrences in the immediate mechanisms concerned should 
give us pause in considering anv “blanket explanation” of congenital defects 
Certainl> the ultimate solution of the intricate problem of their causation 
will not be advanced by overemphasizing the developmental-arrest concept 
when congemtd defects may equally possible be the result of a resorptisc 
process which has gone astray, or a growth process which has failed to stop 
soon enough Pending the acquisition of more satisfactory knowledge as to 
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itiology, wc would be on sounder ground if we were more restrained in our 
use of “developmental arrest” with us often false implications .is to causation, 
and employed some such noncommittal expression as developmental distor- 
tion or developmental defect 

The causation of anomalies can not be discussed without at least a passing 
word of comment on the possible nUlc playtd by" disc.-isc in the past, much 
emphasis has been placed on mtra-utenne sy-philis as a cause of malforma- 
tions Of Us damaging cfTcct on the infant there can be no doubt, but this 
damage seems to be the specific and direct effect of the disease rather than 
ans tendency for the disease to cause dcxclopmcntal processes to become 
abnormal Of course, if an extensive syphilitic lesion happens to destroy <i 
growing area, there is an abnorm.-ility at tlial point, but it would seem more 
logical to regard this as a manifestation of die disease rather than as a develop- 
mental disturbance 

The possible causative effect of uterine disease or faulty placental .iltach- 
ment in the production of anomalies needs much more critical study There 
are many workers whose opinion must be respected who feel that disease of 
the uterus or placenta can so disturb the normal env ironmcnt of the mam- 
malian embryo that it brings into play chemical disturbances and oxygen 
deficiencies of precisely the type that experimentation with lower animals has 
shown to be so effective in causing anomalies Mucli more work is needed 
before one could step into this controversy "Uh any assurance Tliere is, as 
yet, no way of telling by studying an aborted abnormal embryo whether it 
came from an egg poorly endowed by heredity so that it formed a faulty 
uterine attachment because of a lack in its own intrinsic power of diffcrentiai- 
mg effective cxtra-embryonic membranes, or whether it was a well endowed 
egg that failed to form a good uterine attachment because the uterine mucosa 
did not respond properly to the presence of a normal chorion As for the 
embryo itself, Us badly molded body might be attributed to the same 
germinal defect that caused it to form membranes incapable of a good attach- 
ment, or with equal reason to a poor attachment causing an oxygen defi- 
ciency which in turn interfered with the development of what was potentially 
a perfectly normal egg Under the circumstances, progress toward a real 
understanding of these problems will best be furthered by keeping our minds 
open to all the possibilities and alert for further trustworthy evidence 
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Integumentary System 

THE SKIN 

T he skin of the adult is doubIc-la>cred, consisting of an outer layer of 
stratified squamous epithelium called the epidermis, and a deeper la>er of 
fibro-elastic connective tissue known as the dermis or the corium The epi- 
dermis IS of ectodermal origin and the conum arises from the mesoderm 
The Epidermis The superficial ectoderm of embrvos during the first, and 
into the beginning of the second month, is a simple cuboidal epithelium with 
the nuclei l>mg closel> packed (Tig 133, A) About the middle of the second 
month, some of the cells begin to be crowded to the surface, forming a thin 
ld>er of flattened cells known as the periderm (Fig 133, B) The periderm is 
called bv man> writers the epitnchial la>cr of the epidermis because the hairs 
which later grow up from the deeper layers arc said not to penetrate this thin 
surface ld>er but to push it up on their growing tips, causing it to be cast off 
if It has not alread> disappeared 

During the latter part of the second month, there is a tendency for the 
epithelium to become thicker This is manifested at first b> a staggering of the 
nuclei (Fig 133, C) presaging the beginning of cell rearrangement which leads 
rapidly to the formation of an intermediate layer between the flattened cells 
of the epitrichial layer and the basal layer adjacent to the underlying dermis 
The cells of this intermediate layer tend to become enlarged and show a high 
degree of vacuolation (Fig 133, D, E) 

During the third month, the deep-lying layer of cells becomes sharply 
distinct from the rest of the epithelium I hesc cells are said to constitute the 
germinatwe layer (stratum germiuativum) because they are the ones which 
undergo the repeated cell divisions responsible for the growth of the epi- 
dermis The cells of this layer show a dense, strongly staining cytoplasm and 
well-marked cell boundaries (Fig 133, F, G) 

During the fourth month, the epithelium starts to become many cell 
layers thick and to approach Us defimttve structure The cells m the zones 
overly mg the germinative layer begin to show indications of the accumulation 
of keratin It is the presence of this keratin which gives the characteristic 
toughness to the superficial layers of cells which constitute the stratum cor- 
neum of the epidermis 

In such areas as the palms of the hands and the soles of the feet, where the 
skin IS subjected to more than ordinary wear, the keratinization of the outer 
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layer is much heavier Ilian it is in the general body surface Interestingly 
enough, the greater thickness of palmar and plantar epidermis becomes evi- 
dent in the embryo long before it is jxissible for these areas to have been 
subjected to any more wear than other parts of the skin In these areas, the 
epidermis is not only more cell layers thick but there is evident also a more 
maiked differentiation of its layers Starling from the basement membrane 


A 


Pendemv 






B 




Fio 133 Projection drawings (X 300) showing some of the stages m the 
histogenesis of the skm All drawings were made from reasonably comparable 
areas of the skin of the back A, Ai 2 1 mm B, At 9 ram C, At 16 mm D, At 
32 mm E, At 60 mm F, At 85 mm G, At 145 mm 

toward the surface, one can recognize (1) the germmative layer, (2) the 
granular layer, (3) the lucid layer, and finally (4) the thick keratinized layer 
With the exception of the deeper strata, the peculiar staining reactions which 
make these layers stand out from one another are correlated with the pro- 
duction of the keratin which is so characteristic a feature of this particular type 
of epithelium The minute darkly stainmg particles which characterize the 
granular layer are composed of a precursor substance, keratohyalm The lucid 
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layer contains a material which is believed to represent keratoh> aim granules 
which have undergone a chemical modification involving their softening and 
fusion into a homogeneous semifluid condition This substance, known as 
cleidin, stains bnlliamh with the acid d\es such as eosm so when it is present 
in an> quantit> it is readily demonstrable The outermost layer is made up of 
closel> packed flattened cells heavily impregnated with fully elaborated 
keratin As the keratin accumulates in these cells, they become more and more 
sluggish, and finally die so that the surface layer of the epidermis is made up 
of tough, scale-hke, dead cells and is resistant both to abrasion and to the 
ready passage of fluids 

The Dermis The dermis or corium when it is fulh developed, consists 
of a closely woven layer of fibro-elastic connective tissue immediately under- 
lying the epidermis This connective tissue arises from wandering mesodermal 
cells of the type collectively designated as mesenchyme As was pointed out 
when the differentiation of somites was being discussed, it was formerly 
believed that the mesenchymal cells forming the dermis came from the 
ventrolateral part of the somite which for that reason was named the derma- 
tome (Fig 63) ^Vhllc some cells do migrate out from this part of the somite 
and contribute to the formation of the deep layers of the skin, most of them 
arc concerned in the formation of muscle The dermis arises from mesen- 
chymal cells which migrate out from whatever mesodermal areas arc nearest 
and then arrange themselves m a zone beneath the ectoderm The steps by 
w hich the mesenchyme becomes com erted into conncctiv c tissue arc the same 
m the case of the dermis as for the fibrous connectwe tissues in general 
(See Chapter 10 ) 

In the early stages of the formation of the skin, the plane of union between 
the epithelium and the dermal connective tissue is smooth (Fig 133, A-F) 
During the fourth month, however as the epithelium thickens, its lower 
surface becomes irregular, exhibiting ridges and hollows into which the con- 
nective tissue pushes In the palms and soles, by the sixth month, these 
irregularities begin to show on the surface m the extraordinarily intricate and 
highly individualistic patterns recorded in finger printing In addition to 
these ridges of the palmar and plantar areas, the skin m general is beset with 
local elevations of the conum which extend into minute pits m the under 
surface of the epithelium Connective-tissue projections of this Ivpc are called 
dermal papillae They contain the terminal loops of the capillaries nourishing 
the skin and some of them have, in addition the characteristic Meissner’s 
corpuscles which arc the sensory nerve end-organs of touch (Fig 228, I) 

NAILS AND HAIR 

The Nails Our finger- and toenails are epidermal specializations which 
are homologous with the claws of lower ammals The spots where nails will 
develop are suggested the moldmg of the Ups of the digits by the middle 
of the thud month of mtra-utertne hfe The natl itself ts foreshadoned by a 
thickened plaque of epithelium known as the primary nail field As this area 



236 


INTCaUMENTARV ■JVTTPIII 


enlarges, it sinks doivn into the dorsal surface of the tip of the digit and is 
hounded laterally and prosimally by an elesated fold of epidermis (Fig 134, 
A) As Its growth progresses, the nail Held soon iindcrcuU the surrounding 



Fic 134 Development of fingernail A, Section of fingertip of a 40-min 
human embryo (X 15) (After Kollmann ) B, Section of fingertip of a 140-mm 
human embryo (X 50) (After Fischcl ) C, Section of fingertip of a 320'min 
human fetus (X 25) (After Fischel ) 

elevated areas to form the nail folds (Tig 134, B) At the same time, there is 
some local keratinization m its central area to form the so-called false nail 
The material of the true nail dcNclops at a later stage from the undertucked 
epithelium of the nail fold and the proximal part of the nail bed in the region 
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of the lunula (Hg 134, G) The nail thus grows fonvard from its base in a 
manner quite familiar to anyone ^\ho has lost a nail as a sequel to pounding 
his finger In the slow growth of the nails during fetal life, it takes until the 
final month of gestation before they reach the tips of the digits, and even then 
the distal part of the nail is still \ery thm and soft 

Although the nails are formed by a process that is clearly some kind of 
modification of the keratinization which goes on in the epidermis as a whole, 
the details are not as yet well understood Some regard the nail substance as 
a special form of eleidm Others contend that it is made up of specialized 
keratin fibrils which have been formed and matted together without going 
through a keratohyalin and eleidm stage as m the usual process of keratiniza- 
tion (Hoepke, 1927) During the early part of its development, a thm keratin- 
ized layer continuous w ith that of the surrounding epidermis completely covers 
the nail By the latter part of fetal life, only the marginal portions of this so- 
called eponychial layer persist and adhere to the nail plate Particularly 
around the proximal margins of the nail this tendenev for the eponychial 
layer to adhere persists throughout hfe, to the annoyance of mere malo and 
the profit of manicurists 

The Hair Long before any hair shafts appear, local down-growths into 
the underlying connective tissue Irom the germmative layer of the epidermis 
mark the points at which hair and sebaceous glands are starting to develop 
(Fig 135, A) The precise time at which these primordial hair follicles make 
their appearance differs in different cutaneous areas They become recog- 
nizable on the eyebrows, eyelids, lips, chin, and scalp during the third month 
In the skin of the general body surface they arc about a month later in making 
their appearance 

Once one of these primordial follicles starts to grow down into the under- 
lying connective tissue, it differentiates rapidly Its deep end then becomes 
enlarged to form the bulb of the hair This bulb soon becomes molded into a 
shape suggestive of an imerted cup into which there pushes a highly vascular 
concentration of connective tissue called the papilla (Fig 135, C) On the 
lower side of the obliquely directed follicle there appear Uvo sivellings The 
upper one of these is the primordium of a sebaceous gland — one of those small 
glands destined to discharge its oily secretion to the skin surface indu-ectlv 
by way of the hair follicle The lower swelling, called the epithelial bed, is a 
region of rapid cell proliferation especially conspicuous when the hair follicle 
IS rapidly growing (Fig 135, C) 

The hair itself is a column of keratinized cells arising from the basal cells 
of the epithelial bulb lying adjacent to the vascular papilla As it grows, the 
hair shaft pushes toward the surface by making an opening for itself through 
the center of the original cvlindncal epithelial mgrow th, the cells of which thus 
come to surround the growing hair shaft and constitute its epithelial sheath 
(Fig 135, G, D) Meanwhile, the developing connective tissue of the dermis 
has been concentrating about the follide to form a fibrous sheath mvesting 
the hair and its epithelial sheath It is m this fibrous sheath, just below the 
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level of the sebaceous glands, that a tmy strand of involuntary muscle is 
attached to each hair follicle These minute muscles, because they pull the 
hair follicle into a less oblique position and thereby make the hair stand more 
vertically, arc called the anecior pilt muscles Wc are quite familiar with the 
results of their action in the bristling hair along the shoulders and spine of a 
dog becoming belligerent Another example is the erection of the hair of long- 
haired animals as a response to cold — a reaction which thickens the zone of 
insulation provided by the air spaces among the hairs Although our own body 
hairs are too few and too fine to give us any appreciable amount of warmth, 
we still can see the evidences of thi same primitive reaction on our chilled 
skin in the tiny elevations (“goose pimples,” “ducky bumps”) caused by the 
contraction of these muscles futilely pulling up rudimentary hairs 

It is usually toward the end of the sixth or the beginning of the seventh 
month before hairs begin to be visible at the surface The first hairs to emerge 
are very slender and close together so that they constitute a characteristic 
downy coat on the fetus known as the lanugo The lanugo is usually most 
conspicuous during the seventh and eighth months It then begins to be shod, 
most of these first hairs being lost by the time of birth or very soon thereafter 
The replacing hairs are believed to be developed at least in part from new 
follicles Certainly their distribution docs not correspond to the distribution 
of the lanugo hairs Throughout life, hair is shed and regenerated At the 
end of Its cycle, a hair root is earned upward as the follicle undergoes regres- 
sion It IS finally cast off, following which the follicle, under favorable circum- 
stances, may begin to form a new hair 

In th< succession of hair crops, the character of the replacing hair in some 
regions shows httlt change, whereas in other regions the changes are striking 
In females, the face, neck, and trunk show replacing hairs little different from 
the lanugo In the male the areas which remain fme-haired are less extensive 
In such specialized locations as the eyebrows, eyelashes, and scalp, the 
replacing hairs tend to become slowly and progressively heavier until their 
adult thickness is attained Under the influence of the sex hormones the 
changes in the character of the pubic and axillary hair in both sexes and of 
the beard and the hair of the extensor surfaces of the forearms and the ventral 
surfaces of the trunk in the male, are accomplished very rapidly at the time of 
puberty 


GLANDS OF THE SKIN 

Sebaceous Glands As was mentioned m connection with hair formation, 
the primordia of the sebaceous glands make their appearance as buds of cells 
arising from the sides of hair follicles (Fig 135, B, C) The initial bud rapidly 
develops into a saccular and lobulatcd secreting portion which discharges 
through a narrowed duct into the hair follicle about two-thirds to three 
founto of the vv ay up Irom the bulb to the surface The oily material produced 
by the gland accumulates as large numbers of minute droplets within the 
cvtoplasm of the cells of the secreting areas When the central cells of an 
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acinus have become fully loaded with these droplets thc> break down and cell 
remnants and oiI> secretion together arc discharged from the gland This 
type of secretion is called liolocnnc (i c , the whole secretory cell laden with 
Its characteristic product passes off as the secretion) The material thus pro- 
duced in the sebaceous glands is responsible for the natural oilincss of the 
adult hair and skin Before birth it is the chief constituent of the whitish, 
cheesy material (lernix caseosa) found on the skin surface of older fetuses 
While sebaceous glands arc thus ordinarily associated with the hair, they 
appear m certain locations such as the vulva, the ana! canal, and the 
deeper parts of the nasal vestibule where there is no hair All these areas arc 
ones where infolding of ectoderm occurs during development, and what seems 
to have happened is that the primordial hair follicles, when they were in- 
folded, did not produce hairs but did bud off sebaceous glands which dif- 
ferentiated independently In the anal and preputial regions of certain ani- 
mals these modified sebaceous glands and also some especially large sweat 
glands become very highly dcv'clopcd, producing strongly scented material, 
the odor of which may be defensive (skunk) or may have a secondary sexual 
significance (musk deer) The scent-carry mg properties of some of these oily 
secretions Ins led to their extensive use as bases for commercial perfumes 
Sweat Glands Tlic primordial epithelial buds destined to form sweat 
(sudoriferous) glands begin to make their appearance on the palmar and 
plantar surfaces during the fourth month In other cutaneous areas they are 
a little later m developing As is the ease with glands m general, the initial 
down-growth from the gcrminativc layer of the epithelium into the under- 
lying connective tissue is in the form of a solid cylindroid mass of cells These 
cell cords continue to extend until, during the sixth month, their deep ends 
have reached the loosely wovxn and fai-contaming subcutaneous connective 
tissue which underlies the more densely woven fibers of the dermis W^en 
this depth has been reached the distal end of the cell cord coils freely to attain 
the characteristic form of the adult glands Usually by the seventh month the 
cell cords hollow out to establish lumina but, according to Windle, actual 
secretory activity until after birth is probably negligible 

Mammary Glands The first visible epithelial differentiation leading 
toward the formation of the mammary glands is recognizable m embryos dur- 
ing the second month of development This is surprisingly early in view of 
the fact that the mammary glands are structures which appear late m phy- 
logeny and which do not go into functional activity in the individual for 
many years afterbirth It is usually during the sixth week of development that 
a pair of bandlike thickenings make their appearance along the ventrolateral 
body-walls from the axillary to the ingumal regions The location and extent 
of these so-called “mtlk bne/* is indicated schematically for mammals m 
general m Fig 136, A It is from the epithelium along the course of the milk 
lines that the mammary glands arise Different anteroposterior levels of the 
povetvUally mammary-gland-forming tissue are capitalized indifferent species 
Some animals (for example, the sow and the bitch) develop a senes of nipples 
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spread over nearly the entire length of the milk line In the fruit bats and 
flying lemurs mammary glands are developed in the axillary region whereas 
in some of the cetaceans the nipples develop m the inguinal region almost on 
the labia majora In the human speeies the different height at which the 
breasts are developed in different racial groups is indicative of the utilization 
of slightly different levels of the milk line in their development Normally 
this variation occurs within rather narrow limits of the pectoral region, but 
not infrequently supernumerary nipples may occur at other levels along the 
course of the milk line (Fig 136, B) 




Fig 136 Schematic diagrams shoving m A, the position of the “milk 
line” in mammalian embryos in general, and m B, the commonest sites at 
which supernumerary nipples and mammary glands occur in \\omen 

In histological sections, the milk Ime appears as a bandlike thickening of the 
ectoderm (Fig 137, A) With the continuation of locally accelerated cell 
division the epithelial thickening begins to push downward into the underly ing 
connectiv e tissue By the eighth week of development, the milk line as a whole 
IS very difficult to follow, but at the point where mammary glands are starting 
to form a lenticular mass of epithelial cells can be seen extending deeply 
into the underlying mesenchyme (Fig 137, B) During the third month, the 
primordial cell masses which are destined to give rise to the mammary glands 
grow slowly without showing much differentiation (Fig 137, C) During the 
fourth month, cords of cells begin to bud off in various directions into the 
surrounding connective tissue (Fig 137, D) These cell cords are destined to 
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form the lining of the mam ducts, and the terminal cell clusters at the ends 
of the cords will later branch and rebranch to form tfic smaller ducts and the 
secretory acmi of the gland 






D, Fourth Month 

E. 6Lilh Monlh 

Fig 137 Stages in histogenesis of mammary glands Projection drawings 
(X 150) A, At 11 mm B, At 17 mm C, At 48 mm D, At 100 mm E, At 
200 mm 

The growth of this system is, however, very slow and by the time of birth 
only the mam ducts have taken shape (Fig 138) At this time there is no 
evident difference m the mammary-gland development in the two sexes 
In the male the glands do not advance appreciably beyond their infantile 
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form the hnmg of the mam ducts, and the terminal cell clusters at the ends 
of the cords will later branch and rebranch to form the smaller ducts and the 
secretory acmi of tlic gland 
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Fio 137 Stages in histogenesis of mammary glands Projection drawings 
(X 150) A, At 11 mm B, At 17 mm C, At 48 mm D, At 100 mm E, At 
200 mm 

The gro'w th of this system is, however, very slow and by the time of birth 
only the mam ducts have taken shape (Fig 138) At this time there is no 
evident difference m the mammary-gland development in the two sexes 
In the male the glands do not advance appreciably beyond their infantile 





DEVELOP^tEN^Al. ABNORMALITIES 

m small elevated areas of the skin (pigmented moles) These pigmented moles 
have a tendency, when irritated, to change into a highl) malignant type of 
neoplasm known to pathologists as a melanoblastoma Home or beauty parlor 
tampering with them is exceedingly dangerous They should be closely 
watched and if there is any suspicion of increase in size or of their becoming 
iiritated, a thoroughly competent surgeon should immediately be consulted 
With a view to their removal 

Angiomata The strongly colored birthmarks of the type commonly calkd 
“port \sinc spots” are due not to any unusual pigmentation of the epidermis 
but to the showing through of abnormally rich plexuses of blood vessels m 
the dermis Their color vanes from red to purplish, according to the degree 
of stasis m the tortuous closely woven small channels constituting the angioma 



Fig 140 Two cases of ichthyosis (Courtesy, Dr Arthur C Gurus) 

Polymastia and Polythelia The occurrence of supernumerary breasts 
which rontain actual mammary gland tissue is known as polymastia In 
distinction, the term polythelia is used to co\cr a similar condition in which 
only the nipples have been formed In the great majority of cases the extra 
breasts or nipples tend to appiear as one would expect along the normal 
course of the milk line (Fig 136) Nevertheless, sporadic cases occur m both 
sexes in which the breasts or nipples are developed from cutaneous areas not 
normally involved m mammary gland formation in any known species of 
animal— adult or embryonic The composite diagrams of Fig 141 indicating 
all the locations at which aberrant mammary glands or nipples have been 
reported clearly show the wide departures from the conventional positions 
along the milk line that can occur The distribution is suggestive of that of 
Job s ubiquitous boils Such sporadic appearances of structures at locations 
which are not explicable on thC basis of normal developmental patterns 
further emphasize the difficulUes of “explaining” all anomalies on the de- 
velopmental arrest concept 

Gynecomastia In certam rilre instances a male individual has been 
known to develop breasts of female type (Fig 142) The condition, known as 
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mammary ‘iccrction is a thm yellowish fluid called colostrum About the third 
day postpartum the fat content of the secretion rises abruptly and it becomes 
typical milk 

An interesting sidelight on the powerful effect of the hormones bringing 
the breasts into activity during pregnancy is afforded by the production of 
so-called “witches’ milk” by the mammary glands of newborn infants of 
either sex This quite usual occurrence is apparently due to the stimulating 
effect of hormones from the maternal blood stream which havx crossed the 



placental barrier to become active in the fetus Sections of the swollen terminal 
portions of the mammary ducts at this time show an accumulation of colos- 
trum-hke material (Fig 138, C) 

DEVELOPMENTAL ABNORMALITIES OF 

integumentary structures 

Icthyosis Occasionally, the skin becomes very' much overkeratmized so 
that It tends to crack and form coarse scales Only very rarely is the condition 
as extreme as the cases illustrated in Fig 140 Milder eases m which scales are 
smaller and thinner are more likely to be encountered 

Hypo- and Hypertrichosis Overabundance of hair m areas where the 
hair IS normally sparse, or greater than normal length and thickness of the 
hair, IS termed hypertrichosis Cases showing a mild tendency in this direction 
are relatively common, but extreme cases arc rare enough to have sideshow 
value (“JoJo, the dog-faced boy”, *‘the bearded lady,” etc) The converse 
condition of hypotrichosis is occasionally seen Very rarely the absence of 
hair IS complete (atrichia), and in such cases there are usually defective nails 
and teeth 

Abnormalities of Pigmentation The melanm pigment which imparts 
the depth of tone to the skin is sul;gect to a number of variations It may be 
almost wholly wanting (albinism) or it may be overabundant (melanism) It 
may be spottily distributed (freckles) or the areas of irregularity may be much 
larger (“hver spots”) Very dense accumulations of raeUnm may be packed 
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gynecomastia, is undoubtedly the result of an underlying disturbance of the 
sex hormones, and may be associated with hermaphroditism although this is 
by no means necessarily the cast In the extraordinary case reported bv Hae- 
ncl (1928), which is one of the few on record of actual milk production from 
the mammary glands of an adult male, the man m question was the father 
of three children 
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Fto 141 Schcimiic dngnms showing, collected on single subjects, all the 
unusin! locations m which supcmiimenr> nipples ha\e reported in the 
literature Note that, although fewer eases arc on record for males, the super- 
numerary nipples may occur m just as bizarre locations as in the female 
Naturally the male rarely shenvs wclI-dc%clopcd mammary gland tissue in 
connection with the aberrant nipples (Assembled and schcmaiizcd primarily 
from the works of Surmont, and of Cholnoky ) Tlic usual locations for super- 
numerary nipples arc along the course of the “milk ridge” as indicated m 
Fig 136 



Fig 142 Tw'o eases of gynecomasty (A, After Sailer B, After Schufeldt) 


HISTOGENESIS OF FIBROUS CONNECTIVE TISSUES 
gether as their pen- and epimysial sheaths With a 

component, a simdar connective tissue holds nerves and blood vesse s m their 
mobile relations to muscle groups, or supports the clusters of fat cells that he 
in the subcutaneous zones over the muscles 

The specialized characteristics of a connective tissue, such as its particular 
mixture of collagenous and elastic fibers, arc established relatively late, and 
their development can be considered more profitably m a course m histology 
than in the present corncction It is, nevertheless, pertinent for us at this time 


D 10*^ Week (48mn0 




E 511’ Month CISOmin) 


Fig 143 Five stages in histogenesis of loose fibro-elastic connecti\ e tissue All 
drawings, b> projection, at a magnification of 500 


to see the general steps by which all such connective tissues take shape In 
embiyos toward the close of the first month of development, mesenchymal 
cells are rapidly coming to occupy most of the free space between the deeper 
lying structures and the superficial ectoderm The cells at this stage, however, 
still tend to remain fairly independent of one another (Fig 143, A) By the 
sixth week, the processes of adjacent cells begin to unite so that a syncy tial 
network is formed (Fig 143, 3 ) At the same time, delicate fibrils commence 
to make their appearance along the peripheral areas of the cytoplasm To- 
ward the end of the second month, the fibrils are quite abundant and, prob- 
ably because the cells arc continually shifting their position more or less 
through their ameboid activity, some of the fibers begin to be left dear of the 
cytoplasm of the cells which formed them and to appear free m the intercellular 






lO 


Connective Tissues and Skeletal System 

The adult tissues grouped together by the histologist as the connective and 
supporting tissues difTtr widely among themselves ns to structural details and 
mechanical properties But m spite of their variety these tissues arc all similar 
m that the secreted parts, rather tinn the cells themselves, carry out the 
functional rfilc characteristic of the tissues It is the. secreted, fibrous portion 
of the binding connective tissues vvhicli tics together various other tissues and 
organs, it is the secreted matri't of cartilage and of bone which affords rigid 
support and protection to soft parts and furnishes a lever system on which the 
muscles may be brought into play 

The cellular elements of these tissues must not be overlooked, however, m 
emphasizing the functional importance of the cell products The cells are, so 
to speak, the power behind, m that they extract the appropriate raw materials 
from the circulation, elaborate them wtthin tlicir cytoplasm, and deposit the 
characteristic secretion as an end-product Moreover, after the fiber is formed 
or the matrix is laid down, le is dependent on tlic cells for its maintenance in 
a healthy active condition 

Embryologically, the entire conncctivc-tissuc group arises from mesen- 
chymal cells It is not surprising, in view of their closely related functions and 
their derivation from a common type of ancestral cell, that one type of con- 
nective tissue may be converted into or replaced by another This facility for 
changing the type of specialization, or plasticity as it is called, is a thing we 
shall have occasion to emphasize m various connections m the discussion of 
the connecting and supporting tissues 

HISTOGENESIS OF FIBROUS CONNECTIVE TISSUES 
AND CARTILAGE 

Fibro-elastic Connective Tissue In the adult we recognize various types 
of connective tissues according to the kind and arrangement of the fibers 
present The most abundant and widespread of the connective tissues is the 
so-called fibro-elastic type This tissue is composed of an interlacing system of 
tough, bundles of collagenous fibers and elastic fibers which give to the system 
resilience and adaptability to positional changes It is this type of tissue which, 
with the emphasis on its collagenous fiber component, forms the connective- 
tissue investment of a bone known as its periosteum, or the covering layer of 
cartilage called perichondrium With a more generous admixture of elastic 
fibers this same general type of connective tissue holds muscle elements to- 
248 
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dorsal accumulations of it have been called the “hibernation glands ” Its 
Significance is not well understood 

Cartilage Formation The first indication of the impending formation of 
cartilage is the aggregation of an exceedingly dense mass of mesenchymal 
cells This cell mass gradually takes on the shape of the particular cartilage 
to be formed The histogcnetic changes involved are not at first conspicuous 
During the period of preliminary massing the cells have been migrating in 
from surrounding regions and also increasing the local congestion by their ow n 
rapid proliferation As the> are packed m together they lose their processes 
and become rounded (Fig 144, A) When it seems as if no more cells could 
possibly be crowded m, the course of events changes and the cells begin to 
separate from one another This is due to the fact that the> are becoming 
activ e m secreting, and the accumulation of their secretion is gradually forcing 
them farther and farther apart till thev come to he isolated from one another 
in the matrix the> have produced (Fig 144, B, C) Such a method of increase 
m mass, where there are many scattered growth centers contributing inde- 
pendently to the increase in bulk of the whole, is known as growth 

This interstitial growth of young cartilage stands m sharp contrast to the 
apposUional growth of such rigid substances as bone, or dentine, or enamel, 
where the matrix is laid down m successive layers one upon another Obvi- 
ously interstitial growth implies plasticity of the substance produced ^Vt^e 
the substance produced unyielding, the very activity of a number of growth 
centers within it would soon crowd these centers to obliteration 

As the cartilage matrix is increased m amount the cartilage cells embedded 
m It become more widely separated from each other (Fig 144, D) At the same 
time the matrix becomes more rigid with a resultant checking of interstitial 
growth The cells continue to secrete to a certain extent, however, as evi- 
denced by the fact that in mature cartilage the matrix immediately surround- 
ing the cells becomes more dense than the rest of the matrix This area of 
denser matrix around the lacuna m which the cell lies is known as the capsule 
As the cartilage grows older the capsules become more conspicuous and many 
of them come to contain more than one cell These nests of cells in a common 
capsule are the result of cell divisions, following which the daughter cells are 
held imprisoned in the original capsule of the mother cell — further evidence 
of the loss of plasticity in the matrix These latter changes involving capsule 
formation occur for the most part postna tally and are not covered m Fig 144, 
which was drawn to show the appearance of embryonic cartilage 

The formation of a matrix so rigid that interstitial grow th is checked takes 
place first centrally m an area of developing cartilage When the center has 
become too rigid for interstitial growth to continue, appostUonal growth 
begins to take place peripherally While the cartilage has been increasing m 
mass It has been acquiring a peripheral investment of compacted mesenchyme 
This imesting layer of mesenchyme soon becomes specialized into a conncc- 
tne-tissiie covering called the penchondnum (Fig 144) The layer of the 
perichondrium next to the cartilage is less fibrous and more richly ceUular 
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spaces (Fig 143, C) ^Vhcn fibers begin to become a conspicuous part of the 
>oung connective tissue, the term fibroblast isvcr> likely to be used in referring 
to the cells of mesenchymal origin Mhicli arc producing the fibers 

After these early stages, the young connects c tissue soon takes on a quite 
characteristic appearance One begins to see a definite pattern in the direc- 
tion of the fibers, correlated with the mechanical conditions under uhich the 
tissue IS commencing to function (Fig 143, D) By the fifth month, the fibers 
begin to run m definite bundles (Fig 143, E) and there is apparendy a chemi- 
cal change by Nvhich the jirimilivc embryonic fibers arc comerted into true 
white (collagenous) fiber bundles Elastic fibers do not make their appearance 
as early as do the collagenous, and special stains arc necessary to demon- 
strate them Only after they have become large and well differentiated arc 
they recognizable m the ordinary hematoxylin and cosm preparations It 
seems probable that the clastic fibers arc secreted by conncctivc-tissue cells 
(fibroblasts) m the same general manner as the white (collagenous) fibers 
Their chemical composition and physical properties arc quite different, how- 
ever, and they tend to run singly rather than in bundles as do the white 
fibers 

Adipose Tissue Scattered at v'anous locations m the developing con- 
nective tissues can be found mescnchyTnal cells which have the ability to store 
lipoidal materials These arc the forerunners of the fat cells of adult histology 
Recent studies seem to indicate that these celts difrcrcntiatc specifically at a 
relatively early period It seems doubtful if a mesenchymal cell which has 
once become a fibroblast can later become transformed into a fat cell, and 
probably any new adipose-tissue cells that arc added m ihc adult come from a 
reserve of undifferentiated mesenchymal cells It is ordinarily during the 
fourth month that the first indications of fat storage can be demonstrated in 
the fetus by specific staining for hpoidal materials At first the fat accumulates 
in the form of many small droplets within the cytoplasmic area of the cells 
These droplets later tend to increase in size and coalesce, causing the cell to 
round out and enlarge, and crowding the nucleus toward the periphery 
While fat storage can ordinarily be demonstrated histologically by the fourth 
month, extensive accumulations of subcutaneous fat usually do not begin to 
be laid down until the last two months of embryonic life The paradoxically 
old and wizened appearance of a premature infant is due m large measure to 
the fact It lacks the fat accumulation ordinarily acquired m the last month of 
pregnancy 

There are at various locations in the fetus, especially along the coelomic 
side of the dorsal body -wall, groups of fat cells that tend to retain their mul- 
tiple small lipoid droplets long after such droplets have coalesced m other fat 
cells in the body In man these peculiar cells can still be recogmzed at birth 
but during infancy they become indistinguishable from the ordinary fat cells 
In the cat according to Sheldon, these polyv acuolate fat cells persist until 
maturity In some of the rodents this type of adipose tissue persists throughout 
life In these forms this peculiar type of fat has a brownish color and the mam 
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dorsal accumulations of it have been called the “hibernation glands " Its 
Significance is not well understood 

Cartilage Formation The first indication of the impending formation of 
cartilage is the aggregation of an exceedmgl) dense mass of mesenchymal 
cells This cell mass gradually takes on the shape of the particular cartilage 
to be formed The histogenetic changes involved are not at first conspicuous 
During the period of preliminary massing the cells have been migrating m 
from surrounding regions and also increasing the local congestion b> their ow n 
rapid proliferation As they are packed m together they lose their processes 
and become rounded (Fig 144, A) When it seems as if no more cells could 
possibly be crowded in, the course of events changes and the cells begin to 
separate from one another This is due to the fact that they are becoming 
active vn secreting, and the accumulation of their secretion is gradually forcing 
them farther and farther apart till they come to lie isolated from one another 
in the matrix they have produced (Fig 144, B,C) Such a method of increase 
in mass, where there are many scattered growth centers contributing inde- 
pendently to the increase in bulk of the whole, is known as tnterjtitial growth 
This interstitial growth of young cartilage stands m sharp comrast to the 
appostiional growth of such rigid substances as bone, or dentine, or enamel, 
where the matrix is laid down in successive layers one upon anotlter Obvi- 
ously interstitial growth implies plasticity of the substance produced Were 
the substance produced unyielding, the very activity of a number of growth 
centers within it would soon crowd these centers to obliteration 

As the cartilage matrix is increased m amount the cartilage cells embedded 
m it become more widely separated from each other (Fig 1 44, D) At the same 
time the matrix becomes more rigid with a resultant checking of interstitial 
growth The cells continue to secrete to a certain extent, however, as evi- 
denced by the fact that m mature cartilage the matrix immediately surround- 
ing the cells becomes more dense than the rest of the matrix This area of 
denser matrix around the lacuna inwhich the cell lies is known as the capsule 
As the cartilage grows older the capsules become more conspicuous and many 
of them come to contain more than one cell These nests of cells in a common 
capsule are the result of cell divisions, following which the daughter cells are 
held imprisoned in the original capsule of the mother cell — further evidence 
of the loss of plasticity in the matrix These latter changes involving capsule 
formation occur for the most part postnatally and are not covered in Fig 144, 
which was drawn to show the appearance of embryonic cartilage 

The formation of a matrix so rigid that interstitial growth is checked takes 
place first centrally in an area of developing cartilage When the center has 
become too rigid for interstitial growth to continue, appositional growth 
begins to take place peripherally While the cartilage has been increasing in 
mass It has been acquiring a peripheral investment of compacted mesenchyme 
is mvesting lay er of mesenchyme soon becomes specialized into a connec- 
tive-nssue covering called the perichondnum (Fig 144) The layer of the 
perichondrium next to the cartUage is less fibrous and more richly cellular 
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Fio 144 Stages m histogenesis of cartilage ^Camera lucida drawings, 
X 500 ) A, Tracheal cartilage from embryo of eighth week (C*R, 23 mm ) 
B Tracheal cariilage from embryo of amth %veck (C-R, 33 mm ) C, Crtcom 
cartilage from embryo of tenth week (OR, 48 mm ) D, Tracheal cartilage from 
fetus of twenty-fifth iveck (OR, 240 nun ) 
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than the outer layer, and the cells m it continue to proliferate rapidly and 
become active m the secretion of cartilage matri'c For this reason it is known 
as the chondrogcnetic layer of the perichondrium In actively growing carti- 
lage It is possible to see spindle-shaped cells which recently tv ere a constituent 
of the perichondrium being incorporated into the cartilage matrix (lyg 144, 
D) It IS through the activity of the chondrogcnetic layer that the cartilage 
continues to grow peripherally, by apposition, long after interstitial growth has 
ceased in the matrix first formed 


HISTOGENESIS OF BONE 

Bone does not form m vacant spaces in the growing body It is always laid 
down m an area previously occupied by some less highly specialized member 
of the connective-tissue family This replacement of one tissue by another, in 
the formation of bone, well exemplifies the developmental plasticity of the 
connective and supporting tissues which was commented on at the beginning 
of this chapter The formation of some bones begins in areas already occupied 
by connective tissue Such bones are said to be inrramembranous m origin, or 
are spoken of as ^‘membrane bones ” Other bones are laid down in areas 
already occupied by cartilage In this case they are said to be endochondral m 
origin, or are called * cartilage bones ” It should be clearly borne tn mind that these 
terms apply solely to the method by which a bone starts to deielop and do not imply ariy 
differences m histologic structure, once the bone ts Jully formed 

Likewise we should know at the outset what histologists mean when they 
speak of cancellous bone and compact bone These terms refer not to the 
method of origin of the bone but to us density when fully formed Develop- 
mentally, all bone goes through the spongy or cancellous stage Some bones 
stay for the most part in such a condition throughout life Others, by further 
deposition of bone matrix become compact Most bones when fully formed 
arc compact in some areas and cancellous m others, and when a bone as a 
whole IS referred to as being cancellous or compact, it is merely aloose desig- 
nation on the basis of the predominant condition 

The subject of bone development can be presented most simply if we take 
up first the formation of primary cancellous bone intramembranously, then 
the method by which this same tvpe of spongy bone is formed within cartilage, 
and finally the changes by which cancellous bone, formed m either of the 
above ways, may become secondarily compact 


INTRAMEMBRANOUS BONE FORMATION 
Early Preparatory Changes in Mesenchymal Areas In an area «hcrc 
intramembranous bone formation is about to begin »e find an abundance of 
mesenchimal cells congregated and numerous small blood vessels present 
Here and there throughout the area the mesenchymal cells evh.b.t a tendency 
to cluster together m strung-out groups running ,n various directions If Me 

make LTac b ‘>Te which has been aggregated for a short time we can 

make out the beginning of a definite plan of orgamaation Constituting a sort 
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Fig 144 Stages in histogenesis of cartilage (Camera lucida draivings, 
X 500 ) Aj Tracheal cartilage from embryo of eighth week (C-R, 23 mm ) 
B Tracheal cartilage from embryo of ninth week (C-R, 33 mm ) G, Cricoid 
cartilage from embryo of tenth week (C-R, 48 mm ) D, Tracheal cartilage from 
fetus of twenty-fifth week (C R, 240 mm ) 
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concrete gives form and hardness So m bone the ossein framework imparts 
cohesive strength and resilience, while the calcium salts with which the frame- 
%\ork IS impregnated give to the completed matriK form and rigidity 

Deposition of Calcium Salts Immediately after the ossein has been laid 
down, the deposition of calcium salts begins In fact, one usually finds the 
calcium deposition beginning on the older part of a strand while its younger 
end IS still being extended by the a^egation of more mesenchymal cells (Fig 
145, A) Comparing the appearance of the cells ranged against the strand at 
Its older end with those sprawling about its younger end, one sees that the 
cells at the older end have rounded out by retracting the processes so charac- 
teristic of undifferentiated mesenchymal cells This change m shape isaccom- 
panied by deeper staining of the cytoplasm Both these changes presage the 
beginning of the deposition of calcium compounds through the activity of 
these cells, and when they have reached this stage of specialization they arc 
appropriately called osteoblasts We should not, however, lose sight of the fact 
that they arc cells from the same mesenchymal stock which formed the fibrous 
axis They have merely been given a new name m deference to their further 
specialization and altered internal chemistry 

If wc look at a strand on which the osteoblasts have been active for a time 
(Fig 145, B) we can readily sec evidences of the two steps m the deposition of 
bone matrix Next to the osteoblasts is a zone of ossem which takes very little 
stain This is the newly deposited organic portion of the matrix as yet un- 
impregnated with calcium salts It consists, as we have seen, of a fcltwork of 
minute fibers so delicate and so closely matted together that it is very difficult 
m ordinary preparations to see the individual fibers at all Slightly farther 
from the osteoblasts the matrix is densely stained (Fig 145, B) This part of 
the matrix has been impregnated with calcium salts, chiefiy phosphates and 
carbonates, and has thereby been converted into true bone matrix Even after 
most of the calcium salts have been removed from the ossem framework by 
treatment of the tissue with acids (decalcification) to permit the making of 
sections, the staining reaction is still apparent This indicates that the ossein 
in which calcium has once been deposited is more or less permanently changed 
chemically even though the calcium is subsequently removed as completely as 
possible 


The calcium utilized by the osteoblasts is brought to them by the blood 
stream uhere it is apparently earned m soluble form, probably m organic 
linkage It is interesting to note in this connection that the presence of calcium 
and of phosphates m the blood is not i„ itself all that is necessary for this 
process There must be present also Mtamms which in some way facilitate the 
extraction b> the osteoblasts of these raw materials from the blood, and their 
deposition m insoluble form as part of the bone matrix The absence from the 
s)stem of v itamin D, cspcciallj, resufe the formation of bone matrix defi- 
cient in calcium salts, a condition known medically as “rickets ” 

no ^ftw'rh ossification has progressed to such a 

point that the original strand is completely invested by bone matrix, we say a 
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of aNis of the elongated group of cells there is a stnmd of delicate fibers which 
has been produced by llu, secretory activity of tlic cells As this axial fibrous 
strand becomes more definite, the cells tend to become ranged more or less 
regularly about it so that when it is cut longitudinally a row of cells appears 
flanking tt on ciflicr side {rjg 145, A) 

The Ossein Framesverk If one follows the axial fibrous strand from its 
fra>cd*out'lookmg younger end toward its thicker, older end, increasing 
difficulty IS experienced m distinguishing tlic individual fibers It is probable 



Fig 145 Formation of trabeculae of membrane bone Projection drawings from 
mandible of a pig embryo 130 mm m length 
AbdrtttaUons matrix ca! — ossein matrix impregnated with calcium salts, 
matrix os % — ossein matrix not yet impregnated with calcium salts, mes — 
mesenchymal cell 

that this change m appearance is due to the saturation and matting together 
of the original collagenous fibers with osseomucoid, a substance closely akin 
chemically to collagen The fibrous material thus formed constitutes a sort of 
preliminary frame\vork in which calcium salts are subsequently deposited 
This framework before it has been calcified is known by histologists as ossein 
or osteoid The term bone matrix is properly applicable only to the ossein 
which has been impregnated with calcium salts We may liken the matrix of 
bone to reinforced concrete In the making of a road or a wall, a meshwork of 
steel IS first placed m the forms and concrete is then poured in The steel gives 
the finished structure tensile strength and a certain amount of elasticity The 
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m contact with each other and fuse Thus trabeculae, at first isolated soon 
come to constitute a continuous system (Fig 147) Because of its resemblance 
to a latticework (Latin, cancellus), bone m this condition, where the tra- 



Fiq 147 Diagrams showing stages in establishing of a characteristic area 
of primary cancellous bone by extension and coalescence of originally separate 
trabeculae 


beculae are slender and the spaces between them extensive, is known as 
primary cancellous bone The spaces between the trabeculae are known as 
marrow spaces 

ENDOCHONDRAL BONE FORMATION 
As the term implies, endochondral bone formation goes on within carti- 
lage It can not be stated too strongly that cartilage does not, in this process, 
become converted into bone Cartilage is destroyed and bone is formed ivhere 
the cartilage used to be The actual bone formation is essentially the same as 
m the case of membrane bone The phenomena of special interest m connec- 
tion with this type of bone development are those involved in the destruction 
of the cartilage preliminary to the formation of bone 

Cartilage Erosion \Vlien a mass of cartilage is about to be replaced by 
bone, very striking changes m its structure take place The cells which have 
hitherto been secreting cartilage matrix begin to destroy the matrix The 
lacunae become enlarged and a cunous arrangement of the cartilage cells 
becomes evident The cells erode the cartilage m such a manner that the> 
become lined up m row s (Fig 1 48) This process of destruction continues until 
the cartilage is extensively hone>combed Meanwhile the tissue of the peri- 
chondrium o\ erl) mg the area of cartila^ erosion becomes exceedingly active 
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trabecula (little beam) has been formed (Fig 145, li) As the osteoblasts con- 
tinue to secrete and thereby thicken the trabeeula the nen matru: added is 
not laid down uniformly It is possible to make out in it markings which are 
suggestive of the growth rings of a tree Apparently the osteoblasts work more 
or less in cyeles, depositing a sueeession of thin layers of raatriv Each of these 
layers of the matrix is ealled a lamella (Eig 146) As the row of osteoblasts is 
forced back with the deposit of each succeeding lamella, not all the cells free 
themselves from their sccrctton Here and there a cell is left behind and, as 
Its former fellows continue to pile up nets matrix, becomes completely buried 


Etxthiobbit extrodlnx nucteu* 



Fio 146 A small area of bone ind adjacent 
marrow as seen m highly magnified decalcified 
sections 


An osteoblast so caught and buried is called i bone cell (Fig 145, B), and the 
space in the matrix which it occupies is called a lacuna The bone cells, thus 
entrapped, of necessity cease to be active bone formers, but they pH> a vital 
part m the maintenance of the bone already formed They have delicate cyto- 
plasmic processes radiating into the surrounding matri\ through minute can- 
ahculi The processes of one cell come into communication with the processes 
of Its neighbors (Fig 146) Thus the bone cells nearer to blood vessels absorb 
and hand on materials to their more remote fellows which m turn utilize these 
materials in maintaining a healthy condition in the organic part of the bone 
matrix In ah probability it is the senescence of the bone cells with the conse- 
quent lowering of their efficiency and the resultant deterioration of the ossein 
component of the matrix which is responsible for the decreased resiliency of 
the bones m advanced age 

Coalescence of Trabeculae to Form Primary Cancellous Bone As the 

various trabeculae m an area of developing bone grow, they inevitably come 



HISTOGENESIS OF BONE 


259 


There is rapid cell proliferation and the new cells, carr> mg blood vessels with 
them, begin to invade the honeycombed cartilage (Fig 148) 

Deposition of Endochondral Bone ft is a striking fact that during its 
formation cartilage is devoid of blood vessels, the nearest vessels to it being 
those in the perichondrium The invasion of cartilage b> blood vessels defi- 
nitely announces its impending disintegration as cartilage, and at the same time 
is the initial step m the formation of bone For this reason the env eloping lay cr 
of connective tissue, called, up to this time, perichondrium because of its rela- 
tion to the cartilage, is now called periosteum because of the relations it will 
directly acquire to the bone about to be tormed This change vwll not be con- 
fusing if we stop to think that both thc:>e terms are merely oncb of relation, 
which translated mean, respectively, that tissue which surrounds cartilage, 
and that tissue which surrounds bone The important fact to bear m mind is 
that this envclopmg layer of connective tissue is of mesenchymal origin and, 
therefore, contains cells of the stock that may dev'elop into any of the connec- 
tivc-tissuc family to which bone as well as cartilage belongs Thus, when a 
mass of periosteal tissue (periosteal bud. Fig 148) grows into an area of honey- 
combed cartilage, it carries m potential bonc-formmg celb These cells come 
to lie along the strandhke remnants of cartilage just as m membrane bone 
formation osteoblasts ranged themselves along fibious strands The actual 
deposition of bone proceeds m the same manner endochondraliy as mtra- 
mcmbranouslv , the only difference being that strandlike remnants of cartilage 
serve as axes for the trabeculae m one case, whereas m the other the deposit 
began on fibrous strands Extensions and fusions of the growing trabeculae 
soon result in the establishment of typical cancellous bone similar to that 
formed mtramembranously 

FORMATION OF COMPACT BONE FROM PRIMARY 
CANCELLOUS BONE 


The difference between cancellous bone and compact bone is archi- 
tectural rathei than histological The fundamental composition of the bone 
matrix, it> Jamellation, and the relations of the bone cells to the matrix arc 
the same m both cases It is the way in which the bone matrix is arranged that 
distinguishes these two types of bone from each other Cancellous bone is made 
up of a latticework of slender trabeculae enclosing large numbers of marrow 
spaces (Fig 147, C) In compact bone there has been a secondary deposit of 
lamellae m the marrow spaces, thus greatly increasing the density of the bone 
as a whole (Fig 149, 4 ) 


The essential differences betsveen the ttvo, and the way in which cancellous 
bone may become com erted into compact bone, can be illustrated by a simple 
schematic diagram in nnich the lamellae arc indicated by lines, thus empha- 
sizing what we might call the lameUar architecture of the bone Fig 149 , 

bone The osteoblasts which have formed the trabeculae still lie along them 
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formation from the radius of a 125-min sheep embryo Small sketch indicates 
location of area represented 

Abbrevialions Cart cros — ^arca fram which cartilage has recently been 
eroded. Cart pre eros — area with cartilage cells enlarged and arranged in roivs 
presaging erosion, Cart trab — remnant of cartilage matrix ivhich has become 
calcified and serves as an axis or core about which bone lamellae are deposited 
to form a bone trabecula, Mes — mesenchymal ceil 
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anything like completeness It should not be difficult, however, to become 
acquainted with the outstanding features m the formation of characteristic 
types of bones, as for example the sequence of events m the formation of a flat 
bone, the steps involved m the establishment and gronth of a long bone, the 
way separate ossification centers appear m a common primordial cartilage 
mass and give rise to the various parts of such a bone as a vertebra, or to a 
composite cranial bone like the occipital If one supplements such basic infor- 
mation on the different kinds of bones with a study of the manner in which 
joints are formed, one should have a reasonable working knowledge of the 
factors operative m the development of the skeleton as a whole Such a back- 
ground should be sufficient to permit read> and intelligent following up of the 
developmental details involved m the growth of an> specific bones m which 
one may become interested 

Development of Flat Bones Fhe flat bones, such as the bones of the 
cranium and face, are for the most part of mtramembranous origin We are, 
therefore, already familiar with the early steps in their development from our 
study of the histogenesis of membrane bone (Figs 145, 147) After a mass of 
primary cancellous bone has been laid down m a configuration which suggests 
that of the adult bone being formed, there appear? about this mass a periph- 
eral concentration of mesenchyme (Fig 150, A) This periosteal concentra- 
tion of mesenchymal tissue contains cells which arc potentiallv bone-forming, 
and which soon become active and deposit a dense layer ol parallel lamellae 
about the cancellous center of the growing bone (Fig 1 50, B) Anatomically, 
this dense peripheral portion is known as the **outcr table’* of the bone The 
inner portion, which m the flat bones usually remains cancellous, is calle d the 
diploe The original mesenchymial tissue which remains m the marrow spaces 
of the diploe dev elops into characteristic “red bone marrow” rich m blood- 
forming elements (Fig 146) 

The story of the growth of the mandible, a membrane bone which starts 
after the manner of flat bones but which later takes on a very elaborate shape 
and finally becomes largely compact, can be gleaned by a comparative study 
of Figs 172-174, 258, 261, and 263 

Development of Tong Bones The long bones are characteristically of 
endochondral origin The cartilage m which they are preformed is a tempo- 
rary rmniaturc of the adult bone Ordinarily there are several ossification 
centers involved m the formation of long bones The first one to appear is that 
in the shaft or diaphysis The location of this center is shown schematically m 
Fig 1 5 1 , A Such details as the cartilage erosion m hich preceded its appearance 
and the manner in which the deposit of bone was initiated have already been 
considered (Fig 148) Our interest now is in the relation of such an endo- 
chondral ossificauon center to other centers, and to the formation of the bone 


coincidentl, with the beginning of bone formation within the car- 
tilage the overlying periosteum begins to add bone externaUy (F,g JS! B) 
In view of the fact that the bonc-fonmng tissue earned into the eroded card- 
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on the surface toward tlic marrow space— against the last lamella that was 
laid down If the bone is to become compact, these osteoblasts enter on a 
period of renewed activity and deposit a senes of concentric lamellae which 
progressively encroach on the marrow spaces Trcqucnlly, if the marrow 
spaces arc irregular, there is a preUmmary rounding out of them by local re- 
sorption of the bone already formed (Fig 149, 2 ) This is then followed by the 
deposition of the concentrically arranged lamellae, sometimes called Ilaierstan 
lamellae after the man who first described them in detail (Fig 149, 3 ) Because 
of their position W’lth reference to the Ilavci^ian lamellar sj-stems, the lamellae 
of the original trabeculae of tlic primary cancellous bone arc usually called us 
xnlershUal lamellae when a bone has become compact 



Fio 149 Diagram showing tnnsformauon of cancellous to compact bone 
The solid lines indicate the Inmelhc of primary cmccllous bone, the dotted 
lines show the subsequently added concentric (Haversian) lamellae which nearly 
obliterate the marrow spaces of cancellous bone The sequence of events is indi- 
cated by the numbers Note that irregularly shaped spaces m the cancellous bone 
may be rounded out by absorption iKforc the concentric lamellae are laid doum 

By the formation of the new concentric lamellar systems the original mar- 
row spaces are reduced to small canals (Haversian canals) into which have 
been crowded the blood vessels which formerly lay in the marrow spaces (Fig 
149, 4 ) These canals maintain intercommunication with each other m the 
substance of the bone and constitute a network of pathways over which the 
bone receives its vascular supply As compared with the marrow spaces of 
cancellous bone, however, they arc very small and the gross appearance of a 
bone which has undergone this secondary deposit of concentric lamellae amply 
justifies characterizing it as “compact 

DEVELOPMENT OF THE SKELETON 
Having become familiar with the ways m which the connective and sup- 
porting tissues are formed, we are ready to turn our attention to the manner 
in which they are built into the skeleton We must recognize at the outset that 
the subject of skeletal development is far too extensive to be covered here with 
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increase in length This was long ago demonstrated experimentally b> expos- 
ing a developing bone and driving into it three small silver pegs, two in the 
shaft and one in the epiphysis The distance between the pegs being recorded, 
the incision was closed and development allowed to proceed until a marked 
increase had occurred in the length of the bone On again exposing the pegs, 
the two in the shaft were found to be exacUy the same distance apart aswhen 
they were driven m, but the distance between the pins m the shaft and that 
in the epiphysis had increased in proportion to the increase in the length of the 
bone This indicates clearly that the epiphyseal plates constitute a sort of 



Fio 151 Diagrams showing progress of ossification m a long bone Stippled 
areas represent cartilage, black areas indicate bone A, Primary ossification 
center in shaft B, Primary center plus shell of subperiosteal bone C, Entire 
shaft ossified D, Ossification centers have appeared in the epiphyses E, Entire 
bone ossified except for the epiphyseal cartilage plates and articular surfaces 

increase m the length of the shaft is accomplished by the addition of new bone 
at the cartilage plate These epiphyseal plates persist during the entire post- 
natal growth period Only when the skeleton has acquired its adult size do 
they finally become resorbed and replaced b> bone which joins the epiphyses 
permanently to the diaphysis (Fig 177) 

As the bone increzises m length there is a corresponding increase in its 
diameter The manner m which this takes place is also susceptible of experi- 
mental demonstration If madder leaves, or some of the alizarin compounds 
extracted from them, are fed to a growing animal, the bone formed during 
the time the feeding is continued is colored red If the madder is discontinued, 
bone of normal color is again formed, but the color still remains in the bone 
laid down while madder was being added to the diet Thus it is possible, by 
keeping a record of alternate periods of feeding and withholding madder, and 
comparing these records with the resulting zones of coloration in a bone, to 
obtain % ery accurate information on the progress of bone growth The growth 
as one would expect is primarily subpenosteal, but there are many interesting 
details imohed in the remolding of the bone already formed as new bone is 
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lagc arose from the periosteum, tins activity of tlic periosteum itself is not 
surprising Moreover, we have already cncounltrcd this same phenomenon of 
subperiosteal bone formation m the laying down of the outer table of flat 
bones 

The ossification whicii st.irls at alxiul die middle of the shaft soon extends 
toward either end until the entire shaft is involved (I ig 151, C) leaving the 
two ends (cpipliyscs) still cartilage Toward die end of fetal life, ossification 
centers appear in the epipliyse* 1 he numlicrs and locations of these epiphyseal 




Fig 150 Diagrams showing manner m which dense peripheral layer of a 
flat bone is formed by the deposition of subperiosteal lamellae about an area of 
primary cancellous bone 


centers vary in different long bones In most cases there is at least one center 
m each epiphysis Some of the phalanges are exceptions to this general rule, 
showing an epiphyseal center at only one end In some of the larger long bones 
there are two centers in one epiphysis and one m the other At its elaborately 
shaped proximal end the femur eventually show's three epiphyseal ossification 
centers, one in the head, one m the greater, and one in the lesser trochanter 
Between the bone formed in the diaphysis and that formed m the epiphysis 
there persists a mass of cartilage, known as the epiphysial plate, which is of 
vital importance for the growth in length of the bone We should expectfrom 
the rigidity of bone matrix that interstitial growth could not account for its 
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increase m length This was long ago demonstrated experimentally by expos- 
ing a developing bone and driving into it three small silver pegs, two in the 
shaft and one m the epiphysis The distance between the pegs being recorded, 
the incision was closed and development allowed to proceed until a marked 
increase had occurred m the length of the bone On again exposing the pegs, 
the two in the shaft were found to be exactly the same distance apart as when 
they were driven in, but the distance between the pins in the shaft and that 
in the epiphysis had increased in proportion to the increase in the length of the 
bone This indicates clearly that the epiphyseal plates constitute a sort of 
temporary, plastic union between the parts of the growing bone Continued 



Fig 151 Diagtams showing progress of ossification in a long bone Suppled 
areas represent cartilage, black areas indicate bone A, Primarj ossification 
center in shaft B, Primary center plus shell of subperiosteal bone C, Enure 
shaft ossified D, Ossification centers have appeared in the epiph>scs E, Enure 
bone ossified except for the epiphyseal cartilage plates and articular surfaces 

increase in the length of the shaft is accomplished by the addition of new bone 
at the cartilage plate These epiphyseal plates persist during the entire post- 
natal growth period Only when the skeleton has acquired its adult size do 
they finally become resorbed and replaced by bone which joins the epiphyses 
permanently to the diaphysis (Fjg 177) 

As the bone increases in length there is a corresponding increase m its 
diameter The manner m which this takes place is also susceptible of experi- 
mental demonstration If madder leaves, or some of the alizarin compounds 
extracted from them, are fed to a growing animal, the bone formed during 
the time the feeding is continued is colored red If the madder is discontinued 
bone of normal color is again formed, but the color still remains m the bone 
laid down while madder was being added to the diet Thus it is possible, by 
keeping a record of alternate periods of feeding and withholding madder, and 
comparing these records with the resulting zones of coloration m a bone, to 
obtain very accurate information on the progress of bone growth The growth 
as one would expect is primarily subpenosteal, but there are many interesting 
details involved in the remolding of the bone already formed as new bone is 
added 
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Very early m the growth of a long bone resorption begins to take place m 
the .nxial part of tlic shaft, resulting in the cstablislung of the marrow canal 
(Hg 151, OE) Tins early assumption of tubular form is mtcrcsimg from a 
mechanical standpoint for such a shape is well known to afford maximum 
strength witli minimum weight The hollow shaft of the young bone is at first 
cancellous, but as its growth proceeds it soon becomes converted into compact 
bone by the secondary formation of concentric lamellar systems Around the 
outside of the bone which has thus newly become compact, additional lamellae 
arc formed beneath the periosteum Tlicsc lamellae laid down parallel to the 
surface arc called outer circumferential lamellae (Fig 152, A) Even without 
the aid of madder feeding a v cry interesting record of the manner m w hich the 
further growth m diameter occurs in such a bone can be made out from 
thoughtful study of its lamellar architecture as seen in sections It is necessary 
only to recall tlic way m which lamellae arc formed as thm layers of bone 
matrix laid down on whatever constituted the substratum at the moment of 
their deposition In young bone the substratum for each new lamella is ordi- 
narily the unaltered contour of a recently formed lamella in the same system 
Under such circumstances the lamellar pattern is very regular (Figs 149, 
152, A) 

But as peripheral growth and central resorption occur m a round bone 
there must be readjustments m the Haversian systems “xs well as m the cir- 
cumferential lamellae NVhen it is recalled tint the blood vessels nourishing a 
bone reach all parts of it by way of the Haversian canals, it becomes self- 
evident that the canals must change their relations witlun the bone in such 
a manner that the contained vessels do not have their blood flow interrupted 
This IS brought about by periods of resorption m which the lamellae of an 
established Haversian system arc cxcav'atcd m the direction toward which 
growth IS taking place When lamellae start to form again following such a 
period of eccentric resorption, there is the ov'cmding of the old system by the 
new, the new lamellae (Fig 152, B, at) fwaning against the lamellae of the 
older system which have been cut across by resorption (Fig 152, B, ai) 
Wherever new lamellae are laid thus against older ones after an interval of 
interrupted deposition, or after a phase of resorption, there are particularly 
evident lines of mterlamcllar demarcation constituting what have been called 
“cementing lines” (Fig 152, C) Tlic formation of such cementing lines, and 
the manner in which the more recently formed lamellar systems cut across 
older systems which have evidently suffered partial resorption, writes an un- 
mistakable record of the steps in bone growth 

Development of Joints In an area where a freely movable joint (diar- 
throsis) IS to be formed between two skeletal members, there is at first only a 
vaguely outlined precartilage concentration of mesenchyme (Note the condi- 
tions in the appendage buds, Fig 155 ) Gradually the mesenchyme becomes 
perceptibly more densely aggregated m areas vvheie cartilage formation is 

about to start (Fig 163, A, C) As the cartilage miniatures of the future bones 

become better defined, the joint becomes localized as an area between them, 
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disappearance (Hg 153, D) of the conntctnc tissue from around the cpiphj- 
scs establishes the joint cavity Even after tpjphy seal ossification centers have 
appeared, tlie articulating ends of the Ixints at a diarihrodial joint continue 
to be capped by cartilage which provides a smooth bearing surface lubricated 
by the synovial fluid in the joint cavity 

Tlic hgamentsof the joint are formed by furilicr development of the invest- 
ing connective tissue whicli was retracted and concentrated peripherally to 
lorm the joint capsule fvcntually this young connective tissue of the liga- 
mentous capsule becomes strengthened by tlie additionof more and more heavy, 
while (colhgenous) fiber bundles I he ends of certain of these bundles be- 
come buried in the cNpanding tissues of die heads of the bones adjacent to the 
joint, thus holding the articulating members m proper relation to each other 



Fio 153 Schematic diagrams showing four stages m development of ajomt 


In the formation of a joint between two long bones, sucli as that covered in 
the foregoing generalized description, there is, from the first, cartilage at the 
yoint surfaces In the ease of a diarthrodial joint formed between two mem- 
brane bones, such as the temporomandibular articulation, the sequence of 
events is somewhat different \Vhcre the growing bones come to abut on each 
other at the site of their future articulation, there is a layer of connective 
tissue formed by the coalescence of the periosteal layers of the two bones This 
young connective tissue forms a thm layer of cartilage over the articulating 
surfaces, and is then withdrawn to form a joint cavity m a manner similar to 
that described for the joints between long bones 

In the formation of joints in which little free movement is permitted 
(synarthroses) the striking difference in the course of ev ents is the failure of 
the investing connective tissue to open up and produce a joint cavity Instead 
It persists, holding the two bones more or less rigidly together In different 
synarthrodial joints the intervening layer of young connective tissue differ- 
entiates in various ways There may be a thin layer of white fibrous connective 
tissue holding the bones close together and practically immovable on each 
other as is the case with the bones of the cranium Such a line of union is 
called a suture The uniting connective tissue may be in the form of cords or 
bands as, for example, the stylohyoid ligament (Fig 169), or the yellow elastic 
ligaments connecting the laminae of the vertebrae Such a type of union m 
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which the bones are held together by connective tissue is spoken of as a syn- 
desmosis Again, as is the case with the centra of the vertebrae, bones may be 
held together by intervening fibrocartilagc Such a union is a synchondrosis 



Fig 154 Semischematic coronal sections through dorsal region of young 
embryos to show how vertebrae became iniermyotomal m position Note that 
the pnmordmm of a centrum is formed by cells originating from sclerotomes 
of both adjacent pairs of somites 



When a sy narthrosis ongmally formed by connective tissue (c g , suture m the 
sku 0, or by cartilage (epiphyseal union m embryo or child), grows together 
by the replacement of such intervening tissues by bone wc have a jpiortons 
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Torniation of Vertebrae and Rib* lljc dc\cIopmcm of the vertebrae 
and the nbv is of particuhr interest both because thej arc so important in the 
skeleton as a wliolc, and because of Oic intcrcsiin^f manner in which ihej 
develop Tiicir growtii well c'ccmphfies tlic formation of scpirale ossification 
centers witlun a common primordial cartilage mass, and the subsequent 
coalescence of these centers to form an organized uliolc 

In stud) mg >oung embryos we traced tlic Insior) of the mcsodcrmic 
somites through tiicir carl) differentiation It will be recalled that from the 



Fio 156 Reconstruction showing configuration of prccartilagc concentra- 
tions of mescncti^ me w hich arc the pnmordn of the v crtcbral column and nbs 
fAftcr Bardeen and Lovis, Am J Anal, VoJ 1, 1901 ) Tiic reconstruction 
represents a dissection of the lower half of a human embr) o of 9 mm Compare 
wuh the schematic lateral view of Fig 155 

vcntromesial face of each somite there arises a group of mesenchymal cells 
called collectively a sclerotome (Fig 63) These cells migrate from either side 
toward the mid-Une and become abrogated about the notochord From these 
masses of cells the elements of the vertebral column arc destined to arise 
The first significant change which takes place in these primordial masses 
IS the clustering of sclerotomal cells, derived m part from each of the wvo 
adjacent somites, into groups which are located opposite the intervals betv\een 
the xnyotomes In studying series of transverse sections this axTangefnent is 
easy to overlook unless the density of the cells about the notochord is care- 
fully noted in passing from section to section It shows ver) clearly, however, 
m frontal (coronal) sections (Fig 154) Each of these cell clusters is the pn* 
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mordmm of the centrum of a vertebra Once formed they rapidly become 
more dense and more definitely circumscribed Soon after the centrum takes 
shape, paired mesenchymal concentrations evtending dorsally and laterally 
from the centrum establish the primordia of the neural arches and of the ribs 
(Figs 155, 156) 

The stage in which the earliest parts of the skeleton to become recognizable 
are sketched in mesenchimal concentrations, is frequently spoken of as the 
blastemal stage (Fig 155) It is rapidly followed by the cartilage stage In 
the development of the spinal column conversion to cartilage begins in the 
blastemal mass first in the region of the centrum and then chondrification 
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Fig 157 Transverse section of a 20-mm (early eighth week) human 
embryo to show the developing vertebra and nbs The section slants somewhat 
so that the branches of the spinal nerve show especiallv well on the right 
(Universit) of Michigan Coll , EH 253 ) 


centers appear m each neural, and each costal process These spread rapidly 
until all the centers fuse and the entire mass is involved The cartilage minia- 
ture of the vertebra thus formed (Fig 157) is at first a single piece showing no 
lines of demarcation where the ongmal centers of cartilage formation become 
confluent, and no foreshadowing of the separate parts of which it will be made 
up after the cartilage has been replaced by bone By the time ossification be- 
gins, the nb cartilages become separated from the vertebra (Fig 158) but the 
vertebra itself remains in one piece 

The locations of the endochondral ossification centers which appear in a 
vertebral cartilage are indicated schemaucallym Fig 159, A It is easy to see 

how the spreading of these centers of bone formation will establish the condi- 
tions which exist m the fully formed vertebra (Fig 159, B-E) The median 
ossification center gives rise to the centrum The centers m the neural proc- 
esses extend dorsally to form the laminae and complete the neural arch The 
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Tormation of Vertebrae and Ribs I he development of the vertebrae 
and the ribs is of particular interest lx>th bceause the} arc so important in the 
shclclon ns a whole, and because of the interesting manner in which they 
develop Their growth well cvcmphrics the formation of separate ossification 
centers within a common primordial carlibigc mass, and the subsequent 
coalescence of these centers to form an organired whole 

In studying )oung embiqos we traced the history of the rocsodcrmic 
somites through their carl> differentiation It will be recalled that from llic 



Fig 156 Reconstrucuon 5ho%Mn£» confij»uratjon of prccartilagc concentra- 
tions of mcscnchvmc winch arc ibc pnmordja of the v cricbral column and nbs 
(After Bardeen and Lovis, Am J Anat , Vol 1, 1901 ) The reconstruction 
represents a dissection of the lower hilf of a human embryo of 9 mm Compare 
with the schematic lateral view of Fig 155 

vcntromcsial face of each somite there arises a group of mesenchymal cells 
called coUtctively a sclerotome (Fig 63) These cells migrate from either side 
toward the mid-hne and become aggregated about the notochord From these 
masses of cells the elements of the vertebral column are destined to arise 
The first significant change which takes place in these primordial masses 
IS the clustering of sckrotomal cells, derived m part from each of the two 
adjacent somites, into groups which are located opposite the intervals between 
the m^otomes In studying series of transverse sections this arrangement is 
easy to overlook unless the density of the cells about the notochord is care- 
fully noted m passing from section to section It shows very clearly, bowev er, 
in frontal (coronal) sections (Fig 154) Each of these cell clusters is the pri- 



DEVELOPMENT OF THE SKELETON 


271 


In the light of the regular presence of a reduced costal component in the 
cervical vertebrae, it is not surprising that a well-developed cerv’ical nb asso- 
ciated with the lowest cervical vertebra should be one of the less unusual 




B Cervical C Thoracic 



Fic 159 The component parts, and the locations of the ossification centers 
in developing vertebrae A, Diagram showing locations of vinous ossification 
centers in a thoracic vertebra and the associated nbs B~E, Drawings showing 
ciiaracteristic components of vertebrae from different levels Neural arch com- 
ponent IS represented b> line shading, costal component by stippling, and cen- 
trum by concentric markings 

skeletal anomalies (Fig 161, A) In like manner a supernumerary' nb may be 
formed m association w ith the first lumbar vertebra Less readily explicable on 
an cm r> ological basis is the abnormal condition sometimes seen in vv hich a nb 
forks as it joins the sternum (Fig 161, B) 
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■ipmous process is formed by a prolongation of these same ccnlcrs beyond their 
point of meeting, dorsal to the neural canal The transserse processes with 
winch the tubercles of the ribs articulate are formed b) the lateral extension 
of the centers appearing m the neural processes Vcntrally the neural process 
centers extend to and fuse with the centrum 


The shaft of the nb is formed bj extension of Us primary ossificition center 
(Figs 159, 173, 174) After birth, secondary epiphyseal ccnlcrs appear m the 
tubercle and m the he.nd of the rib During the growth period they remun 



Klichigan Coll , EH 205, D, projcciion drawing, X 15 ) 
separated from the shaft b> persistent cartilage plates m the manner described 
m discussing the development of Jong bones Fusion of these secondar) epi- 
physeal centers with the shaft of the nb does not take place until the skeleton 
has acquired its adult dimensions 

The foregoing discussion has been based on a thoracic vertebra m ivhich 
the relations of the nb to the vertebra show most clearly All the vertebrae 
have the costal element represented, although it is greatly reduced and modi- 
fied in other regions than the thoracic A study of Fig 159, B-D, in which the 
components of vertebrae from the cervical, thoracic, lumbar, and sacral 
regions are schematically indicated, will make the homologies apparent With 
these homologies m mind, it is sufficiency evident, without going into further 
detail how the vertebrae of all levels arise by a process essenUally similar to 
that described for the thoracic vertebra 
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Formation of Sternum It uas pointed out m connection with the estab- 
lishing of the heart that mid-\ entral structures tended to appear first on either 
side of the mid-hne and then converge toward it as development progressed 
This IS obviously correlated with the manner m which vertebrate embryos 
start to develop spread open mid-ventrally on top of the yolk-sac It is not 
surprising, therefore, that the first suggestion of the sternum is m the form of 

a pair of bandhke concentrations of mesenchymal cells (Fig 162, A) As these 

bands become converted into precartilagc they converge toward the mid-lme 

and start to fuse with each other, beginning ccphahcally (Fig 162, B) At the 

same time the nb cartilages have been extending from the vertebrae toward 
the sternum By the ninth week the sternum is established in the mid-hne and 



Fio Abnormalities of the ribs A, Cervical ribs (Redrawn after Corning ) 
B, Ribs with bifurcated sternal ends (RcdrauTi after Arc) ) 


tlie ribs ha\e grown to meet it (Fig 162, C) At this stage the sternum and 
the parts of the ribs attached to it have become cartilage, and ossification has 
already commenced m the parts of the ribs adjacent to the vertebrae (Fig 
173) 

Following Its establishment in the mid-hne, there are curious secondar> 
transverse divisions oi the sternum into a senes of separate cartilages called 
sternebrae This condition does not seem to play any significant role in the 
further development of the sternum, although there is some tendency for its 
multiple ossification centers to form in the centers of the sternebrae Instead 
of all being single median centers as shown m Fig 162, D it is not uncommon 
for the centers m some of the sternebrae to be paired, right and left The final 
coalescence of the ossification centers in the sternum does not taj^e place until 
full maturity is attained (Fig 1.60) 

The commonest anomalies of this region— cleft sternum perforate ster- 
num, and notched xiphoid process— are all obviously correlated with the 
paired arrangement of the sternal pnmordia 
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Aritenor Appendaqe Bud 



E 20 m Posterior Appendaqe Bud 

Fig 163 Eart> stages in development of the skeleton of the appendages 
(Modified from Bardeen and Lewis, Am J Anat , Vol 1, 1901 ) The fine 
stippling m the drawings of the >ounger stages indicates precartilage concen- 
trations of mesenchyme, the more sharply circumscribed and coarser stippling 
of the older stages represents cartilage 
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Appendicular Skeleton Broadly speaking, tin, term appendicular skele- 
ton may be taken to include the pectoral and pehic girdles, as well as the 
bones of the appendages themselves In their basic plan of structure the arm 
and leg arc closely comparable The difTcrcnt way m which they arc rotated 
and bent during development somewhat masks some of their homologies, but 



Fig 162 Diagrams sKovring development of the sternum A, During sixth 
week (Adapted from William Patten ) B, During eighth ivcck (Adapted from 
William Patten ) C, During ninth Mcek (Adapted from Charlotte Muller ) 

D, At five and a half months (University of Michigan Coll , EH 221 ) E, Adult 
(Adapted from Moms “Human Anatom> ”) 

their course of development is, nevertheles<5, sufficiently similar so that we 
need not discuss them separately 

Once It starts, the development of the appendicular skeleton progresses 
very rapidly Early in the sixth week only vaguely outlined concentrations of 
mesenchyme represent the primordia involved in the formation of the limbs 
and their girdles (Fig 155) Toward the end of the sixth week these pre- 
cartilage concentrations have become sufficiently molded so that some of the 
mam bones are suggested (Fig J63, A, G) During the seventh week it begins 
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Anterior Appendage Bud 



Fic 163 Earh stages in development of the skeleton of the appendages 
Ovlodjfied from Bardeen and Lc\ms, Am J Anat , Vol 1, 1501 ; The fme 
stippling m the drawings of the \ounger stages indicates precartiiage concen- 
trations of mesench>me, the more sharpl) circumscribed and coarser stipplmg 
of the older stages represents cartilage 
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to be possible to make out the primordia of man> of the smaller bones of the 
hands and feet (Fig 163, B, D) and by the eighth week well-molded cartilage 
miniatures represent all the major parts of the appenc^ages and girdles (Fig 
163, E) In the eighth week, also, the primary ossification centers make their 
appearance in the major long bones of both the arm and the leg (Fig 172) 
The clavicle is already well advanced m ossification by the eighth week, being 
one of the earliest bones in the entire skeletal system to become calcified None 
of the other parts of either the pectoral or the pelvic girdle ordinarily show ossifi- 
cation until the ninth week By that time clearly marked centers are developed 
in both the scapula and the ilium (Fig 173) 

It would carry us beyond the scope of this book to follow the later devel- 
opment of all the various bones m detail Fig 164 presents for reference a 
graphic summary of the progress of ossification in the appendicular skeleton 
In the left-hand column are outlines of the parts as they appear m the new- 


born, with the locations of their primary ossification centers stippled in At 
the ends of the appropriate leaders the time of ossification is given In the 
right-hand column are the outlines of the adult skeletal parts with their pri- 
mary ossification, centers shown in stippling and their epiphyseal centers 
shown in black The ages at which the epiphyseal ossification centers appear 
are given in the column immediately to the right of the figures, and the ages 
at which the epiphyses fuse with the rest of the bone are given m the column 
at the extreme right 

Development of the Skull In dealing with the development of the skull 
It is helpful at the outset to recognize its neural and visceral (branchial) com- 
ponents The neural portion supports and protects the brain and the sense 
organs In mammals this pai t of the skull is itself composite, consisting of the 
phylogenetically old cranial floor with which arc associated the capsular in- 
vestments of the sense organs, and a more recently added facial scaffolding 
and vaulted cranial roof In general the older basal portion is preformed in 
cartilage whereas the newer facial and roofing bones are formed intramem- 
branously There is, however, so much fusion and overlapping of these 
parts as they become molded into a coherent whole that it is unwise to 
try to draw too sharp a distinction between them on the basis of endochondral 
or intramembranous origin 


The visceral (branchial) portion of the head skeleton consists of reduced 
and modified remains of the supporting structures of the gill arches which are 
so xsell developed m primitive water-hvmg ancestral types This part of the 
skull IS from the first associated with food seizure (jaws) and respiration (gill 
arches) Interestingly enough, most of the parts of it which have been retained 
in mammals are still concerned with the same functions, although they are 
utilized under very different conditions when lung breathing has replaced gill 
breathing Under air-liv mg eondmons the sound-recemng mechanism evolves 
into a nwch more elaborate form with the conversion of the obsolescent prox- 
imal ends of the first two v isceral cartilages into the ossicles that transmit sLnd 
vibrations from the eardrum, across the middle ear, to the receptors of the 
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inner car Ncu, also, in tlic inntnnia}i*in 5kuJI is tlic palatal shelf which parti- 
tions oil tlicoral and nasal cavities from each Ollier Mechanical!) the palate u 
important to the young iminma! in its nursing, and to tlic adult in permitting 
tliorough rmsticalion of food without interference with breathing With these 
points from the evolutionary Instory of the skull m mind we may turn our 
attention to itscmbryological development 

The earliest indication of skull formation m tlic young mammalian embryo 
IS the concentration of mesenchyme about the notochord at the level under- 
lying the hindbrain (Pig 155) From this region the concentration extends 
under the more rostral parts of the brain It thus fonns a sort of fioor for the 


Ofii Cupjulo S^iomous pad of 



OrVilo , 

Sphenoid Wtfi^efSphenwo 


Tig 1^5 The chandrocranruro of i hiim'tn embrjo carl) tn the eighth vveck 
of development (21 mm ) A, Latenl vieu B, Viewed from above (Adapted 
from \V H Lcvms Carnegie Cent to Emb,Vol 9,1920) 


developing bram and soon becomes converted into cartiHgc to constitute the 
beginning of the chondrocranium As has already been suggested, the chon- 
drocranium represents the oldest part of the brain-case phylogcnctically, 
being reminiscent of the condition m primitive fishes of the shark type (Elas- 
mobranchs) which had a skeleton composed of cartilage with no bone what- 
soever In such forms the skull consisted essentially of a cartilaginous cranial 
floor with the capsules of the olfactory organs added in front and the capsules 
of the eyes and ears laterally Loosely associated with this primitive roof- 
less chondrocranium of the Elasmobranchs was a well-developed gill arch 
(branchial) skeleton It is interesting to see that the skull of a young human 
embryo first appears in the form of a cartilaginous cranial floor with nasal 
capsules rostrally, suggestions of orbital capsules laterally, and well-developed 
otic capsules an the sides farther caudally (Fig 165) Moreover, there are 
cartilages associated with the young manunahan chondrocranium which un- 



development of the skeleton 


279 


™stakably represent the g.ll-arch skeleton Meckel’s cart.Iage arch I) st^ 
to d process and lesser horn of hyo.d (arch II), greater horn of h>o.d (arch 
HI), Votd cartilage of lar>-nx (arch IV). cricoid and arytenoid cartilages of 
larynx (arch V) (Figs 165, A, 169) 

As IS the case with other parts of the skeleton developing in cartilage, there 
IS a tendency for the precartilage concentrations representing structures n hich 
arise in close association to run together into a common primordial mass 
This we saw in the case of the vertebrae and ribs (Tigs 156, 157), and the 



Fio 166 The developing skull of a human embr>o of about mne ^\eeks 
(38-40 mm ) The dra^vjng is a composite, based in part on the work of MacUm 
and in part on cleared preparations in the University of Michigan Collection 
Cartilage is shown m gray wash, the locations of the endochondral ossification 
centers which have appeared at this age arc indicated by superimposed stippling, 
the lacelike trabeculae of young intramembranous bone arc shown m black 


appendicular skeleton (Fig 155) In the young chondrocranium it is quite 
apparent that there is confluence of primordial parts which will later become 
separate bones (see the regions specifically labeled in Fig 165) Not until the 
various ossification centers start in the chondrocranium do we have anything 
but the suggestions offered by the general shape and position of some part of 
the cartilage to help in the identification of the primordia of specific bones 
Even the appearance of the ossification centers does not at once indicate 
either the configuration or the limits of the adult bone For many of the bones 
of the mammalian skull are composite, having been formed by the fusion of 
bones that were originally separate m the lower animals In such bones the 
ossification centers arc multiple, since separate centers tend to appear m the 
regions representing bones that were originally independent While it is not 
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feasible m a boob of this sort to pursue tbest interesting correlations between 
comparative anatomy and embryology, ssc may briefly scrutmi/c the situa- 
tion as to ossification m a few of the more important Iwnes of the skull 
The base of the skull m the mid-linc is made up chiefly by three major 
bones (1) the occipital around the foramen magnum, (2) the sphenoid be- 
neath the hyymphyscal region of the brain, and (3) the ethmoid beneath the 
rostral part of the telencephalon and cMcnding into the nasal region The 
occipital bone cthibits four endochondral ossification centers— a median 


Frcnld Bono, 



Puiefal Bone 


0cro,lal 

ronfonel 


xtfieidp* 

)ccjpi>all 


■Sumeccipilalpcrl 
of Ojxipital Bore 

Dtnun Selloe 


Sfjameus porl 
ef Terpofol Bane 


UeJirymal Bore 

Tenpwl Wino 
or Spnenois 

Molar 
Muilla 
Zyqomatic Arch 
Mandible 
Tymponic Rmq 

Cricoid Carfiloqc ef Larynx"^ 

Tio 167 The skull of a human embryo of about 12 ^\leks (80 mm ) (Re- 
dra^vn, with some modifications, from a reconstruction by O Hertwig) The 
scheme of representation is the same as that in the preceding figure wth 
cartilage gray, endochondral ossification centers stippled, and membrane bone 
black 
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center caudal to the foramen magnum (basioccipital), a median center, ivhich 
in early stages is quadripartite, rostral to tlie foramen (supraoccipital), and 
a pair of centers one on either side of the foramen (the occipital arch, or 
exoccipital centers) In addition there arc paired mtramembranous centers 
which give rise to the part (interparietal) of the occipital bones above the 
superior nuchal line (Figs 166, 168, A) In studying alizarm-stained and 
cleared preparations it is interesting to note the contrast between the loosely 
arranged trabeculae of the young intramembranous interparietal center, and 
the much denser-appeanng supraoccipital center of endochondral origin 
(Figs 173, 174) Of ossification centers m the occipital bone the supra- 
occipital IS usually first to appear (early in the ninth week) followed almost 
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immediately by the centers in the arch (exoccipitals) and the mterparieta s 
The basioccipital center appears m the tenth week but m lateral views it is 
overlapped by the exoccipital centers and consequently 
The fusion of these centers docs not take place until long after birth (r ig 1/11 



Fio 168 Schematic diagrams showing location of ossification centers in 
four of the principal bones of the skull Intramembranous centers are shown in 
black trabeculation, and endochondral centers m coarse black dots against 
shadowed diagram suggesting the adult shape of the bone A, Occipital B, 
Sphenoid C Temporal D, Ethmoid 


The sphenoid bone shows five pairs of endochondral centers a pair in the 
small wings (orbitosphenoids), a pair in the temporal or greater wings (ah- 
sphenoids), a pair in the more rostral part of the body of the sphenoid (pre- 
sphenoid), a pair m the more caudal part of the body of the sphenoid (basi- 
sphenoid), and a pair in the lingulae (Fig 168, B) There are also two pairs of 
intramembranous centers contributing to this complex bone One of these 
pairs forms the outer, orbitotemporal portion of temporal wings, the other 
forms the medial lamina of the ptery^id process on either side (except the 
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Iiamiilus) Some of these centers appear ascarl> as the ninth tsech (tcropora! 
wings, 1 ig 166), others appear much later Even at the time of birtlt their 
coaltsccncc is not complete, and the sphenoid bone is still in three parts The 
middle part is made up of the joined pre- and basisphcnoid portions together 
with the orbitosphcnoids The ttso lateral parts are composed chiefly of the 
temporal wings, and carr)' also the medial pterygoid plates 

The cartilaginous ilhmitl of the young cliondrocranitim consists of a 
medial, and paired lateral pans T he medial ponion (mcscihmoid) extends 



Fig 169 Dissection of hend and neck of a fetus to shou relations of Meckel’s 
cartilage to developing car ossicles (Modified from Kollrntnii ) 

to the tip of the developing nose Its more rostral part persists w ith little alter- 
ation as the cartilaginous pirt of the nasal septum (Fig 259) Ossification of 
Its mam portion gives rise to the perpendicular ethmoid plate which com- 
pletes the nasal septum, and to the cristi gilh which projects medially above 
the cranial floor (Fig 320) The lateral ethmoidal cartilages start ossifying 
during the fourth month The trabeculae are delicate and widcl> spaced and 
lend themselves readily to remolding into the thin walls of the ethmoid cells 
and the formation of the delicate scroll-hke turbinate processes supporting the 
superior and middle nasal conchae The medial and lateral ethmoidal car- 
tilages are not at first joined to each other and the developing fibers of the 
olfactor> nerve pass between them As development progresses cartilage bars 
bridging the medial cartilage to cither lateral mass are formed among the 

nerve fibers (Fig 229, D) The cartilage soon becomes ossified and this region, 
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Where the olfaetory nerves go through many small foramina, is known as the 

primarily from the capsule of the 
which IS part of the primitive chondrocramom (Fig ’f 

addition of membrane bone (squamous part of temporal, Figs 166, 16p which 
forms a part oi the ventrolateral cranial walls, and the styloid process from the 
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Fig 170 The skull at the time of birth (Modified from Moms “Human 
^ Anatomy ”) A, Lateral view B, Viewed from above 


gill-arch skeleton The endochondral ossification centers in the ear capsule 
are named on the basis of their relations (opisthotic, prootic, pterotic, and 
epiotic) They appear in rapid succession during the latter part of the fifth 
and early m the sixth months, and soon meige, giving rise to the bony laby- 
rinth encasing the internal ear wthin the so-called petrous portion of the 
temporal bone Paradoxically, the parts of the temporal bone which appear 
later in phylogeny calcify earlier in mamnaahan embryos Intramembranous 
ossification of the squamous portion and its associated zygomatic process is 
evident by the ninth week (Figs 166, 173), and during the tenth week the 
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Fig 171 A schema of the development of the skull (After J G Graca and 
C R Noback, from Scammon, in Moms “Human Anatomy ”) 
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tympanic ring begins to ossify (Figs 168, C, 174) The styloid process of the 
temporal bone, as previously mentioned, is a modified remnant of the gill- 
arch skeleton (second arch) Of its tvvo endochondral ossification centers, one 
appears before birth and the other in the second postnatal year 

The formation of the membrane bones which constitute the sides and roof 
of the cranium is much easier to follow than the development of the bones con- 
stituting the base of the skull The frontal bone appears early m the ninth week 
in Its characteristic position and expands rapidly (Cf Figs 166-167,172-174) 
The parietal bone appears in the tenth week (Fig 174) By the time of birth 
these bones are in juxtaposition at the coronal sutures, but superiorly there is 



Projection drawing (X 3) by Jane Schaefer (University of 
Michigan Coll, EH 105) 

still a wide gap (frontal fontanel) where the calvarium is incomplete (Fig 
170) Posteriorly, the parietal bones have grown to meet the occipital bone 
along the lines of the lambdoidal sutures, but at birth here also there is still a 
median gap known as the occipital fontanel On the sides of the cranium there 
are two unclosed areas (the sphenoid fontanel just above the temporal \ving 
of the sphenoid bone, and the mastoid fontanel just behind the squamous por- 
tion of the temporal bone) between it and the parietal bone superiorly and the 
occipital bone ventrally (Fig 170) 

Except to note their very early appearance (seventh week) it will be more 
profitable to consider the development of the jaws and the palate in connec- 
tion with the development of the teeth and other structures in the oral region 
Similarly, the portions of visceral-arch skeleton that are involved m the for- 
mation of the ear ossicles may best be considered at the time the development 
of the ear is discussed, and the portions of the v isceral-arch skeleton associated 
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Wiili the formation of the InrynK may Ijc taken up to better advantage in con- 
nection witli the development of tlic respiratory organs 

Detailed information on the time of fusion of the various ossification centers 
of which we have traced the first appearance and tlic early development best 
can be taken up when the adult skeletal system is studied In all the standard 



medical text-books of human anatomy the times of the coalescence of the 
various centers are given in connection with the descriptions of each of the 
bones Some of the major points as to the times of appearance and of lusion of 
the various centers are graphically summarized, for reference, in Fig 171 
Progress of Ossification in Skeleton as a yV^hoIe Each of the more than 
200 bones of the body has itsown developmental history involving tbeformation 
of the connective tissue or the cartilage mass which precedes it, the appearance 
of local erosion centers if it be preformed m cartilage, number, location, and 
time of appearance of ossification centers, growth m length and diameter. 
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development of epiphyses, tome of fusion of epiphyses ™ 

final!) the development of muscle ndges and articular facets It Mould be 
neithL possible nor desirable in a booh of this sort to attempt an) systematic 
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uufi the ronnntion of the larynx may be taken up to better advantage in con 
ncction with tlic development of the respiratory organs 

Detailed information on the time of fusion of the various ossification centers 
of which we have traced the first appearance and the carlj development best 
can be taken up when the adult skeletal system is studied In all the standard 



medical text-books of human anatomy the times of the coalescence of the 
various centers are given m connection with the descriptions of each of the 
bones Some of the major points as to the times of appearance and of iusion of 
the various centers are graphically summarized, for reference, m Fig 171 
Progress of Ossification in Skeleton as a MTiole Each of the more than 
200bonesof thebodyhas its own developmental historymvolving theformation 
of the connective tissue or the cartilage mass which precedes it, the appearance 
of local erosion centers if it be preformed m cartilage, number, location, and 
time of appearance of ossification centers, growth m length and diameter, 
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DEVELOPMENT OF THE SKELETON 

and syndactyly (Fig 128, K-N), and m such fusions of the appendages as 
sirenomeha (Fig 126, G) The extent to tvhich the skeleton is involved in 
defects such as amelia and phocomclia (Fig 127) is self-evident Very striking 
IS the way in which many of the defects involving the extremities are trans- 
mitted by heredity (Fig 129) 

Other detects of the skull and of the vertebral column such as cranio- 
schisis and spina bifida in which the central nervous system is likely to be 
involved arc treated in the chapter on the nervous system 





Fig 178 Achondroplasia (From illustrations b> 
Morch J Heredity, Vol 31, 1940 ) A, Schematic com- 
posite photograph, nght half of bod> normal proportions, 
left half the typical proportions of an achondroplastic 
dwarf B, Photograph of achondroplastic young man 
C, Father of the young man showm in B 


A very striking abnormality uhich affects the proportions of the long 
bones, rather than causing their gross distortion or their failure to develop, is 
known as chondrody strophy or achondroplasia This is a condition in. w hich 
there is a disturbance interfering with the increase in length of the long bones 
of the appendages by growth at the epiphyses In such individuals the head 
and body, in striking contrast with the appendages, develop in perfectly 
normal proportions (Fig 178, A) Other than the obvious involvement of 
epiphyseal growth, the e\act mechanism of the disturbance is not well under- 
stood It seems probable that it is due to a gene defect for it exhibits a strong 
tendency to be directly transmitted by heredity (Fig 178, B, G) 
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}jas been successful u sljould ha\c proiidrd ihc studc/ii wjih siifTiCicnt back- 
ground to look up wuli undcrstinding the details of development for an> of 
the j^arts of tlic skeleton in which he maj become particular!) interested 
In .addition to inforni.ition on sj)eciric l>oncs jt sometimes becomes desir- 
able to know the slate of development exhibited b) the skeleton as a whole 
It might, for example, be imjjortant incdicolcgallj to establish tiic age of a 
fetus too badi) preserved, or too fragmentar), to permit reliance on any of the 
ordmar) wcan^ of ckurmining age hcipfii) under ^tich circumstances is 

some graphic summarj winch vvill give at a glance the state ofdcvclopmcnt of 
the skeleton ns a wliolc In ilic carl) stages of development the (x^st type of 



Fjo 177 Pelvic region {X of human embryo of fifteenth week, stained 
with aiuarm and cleared to show the ossification centers (Umvcrsii) of 


Michigan Coll , EH 126, 130 mm C-R ) 


preparation for such a purpose is one m which an embryo is so treated that it 
becomes transparent Particular!) if such material is stained w ith alizarin the 
ossification centers will stand out very clearly The best results with embryos 
of the first three months arc obtained by c)earing in potassium hydroxide 
and glycerin (Figs 172-174) This method does not work as well with older 
embryos and recourse must be had to clearing in oil of wintergreen by the 
Spalteholz method or one of Its modifications, or to x-rays (Fig 175) Studyof 
Figs 172-175 and 177 will give a good visual summary of the progress of 
development m the skeleton as a whole Fig 176 gives ossification and fusion 
times for a number of skeletal parts not cov ered elsewhere 

Abnormalities of Skeletal I>evclopment Many of the abnormalities 
that may involve the skeletal system have been touched upon already in other 
connections We have seen thonature of the skeletal distortions m polydactyly 
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and svndactyK (Fig 128, K-N), and in such fusions of the appendages as 
snenomeka (Fig 126, C) The extent to nhich the skeleton is involved m 
defects such as amelia and phocomeha (Fig 127) is self-evident Very striking 
IS the way in nhich many of the defects involving the extremities are trans- 
mitted by heredity (Fig 129) 

Other defects of the skull and of the vertebral column such as cranio- 
schisis and spina bifida in which the central nervous system is likely to be 
involved are treated in the chapter on the nervous system 





Fig 178 Achondroplasia (From illustrations by 
Morch J Heredit), Vol 31, 1940 ) A, Schematic com- 
posite photograph, right half of body normal proportions, 
left half the typical proportions of an achondroplastic 
dwarf B, Photograph of achondroplastic young man 
C, Father of the young man showm in B 


A very striking abnormality which affects the proportions of the long 
bones, rather than causing their gross distortion or their failure to develop, is 
known as chondrodystrophy or achondroplasia This is a condition m which 
there is a disturbance interfering w ith the increase m length of the long bones 
of the appendages by growth at the epiphyses In such individuals the head 
and body, m striking contrast with the appendages, develop m perfectly 
normal proportions (Fig 178, A) Other than the obvious imolvement of 
epiphyseal growth, the exact mechanism of the disturbance is not well under- 
stood It seems probable that it is due to a gene defect for it exhibits a strong 
tendency to be directly transmitted by heredity (Fig 178, B, C) 
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The Muscular System 

The muscular system is composed of spccialircd cells or fibers in sshich the 
function of contractility has been highly dc\ eloped On the basis of dificrenccs 
m their microscopical structure, three types of muscle arc recognized (I) 
Smooth muscle, found characteristically m the walls of the hollow viscera, 
ducts, and blood vessels, (2) cardiac muscle, found only' m the walls of the 
heart, and (3) skeletal muscle, which as the name implies is attached to, and 
serves to move, the bony framework of the body Before considering the 
development of the architectural plan of the muscular sy stem, let us first take 
up the histological changes invoked in the dificrcntiation of the three types 
of muscle which arc its structural units 

HISTOGENESIS OF MUSCLE 

Smooth Muscle With the minor exceptions of the sphincter and dilator 
muscles of the pupil of the eye, and the peculiar contractile cells m the walls of 
the sudoriferous glands which arc probably of ectodermal origin, smooth 
muscle arises from the mesoderm At a very early stage of development, 
wandering mesenchymal cells concentrate about the epithelial linings of such 
structures as the gut tube, or the urogenital duels, or the large vascular chan- 
nels As these mesenchymal cells become arranged m the zones in which in- 
voluntary muscle IS destined to develop, they tend to lengthen m the direction 
m which their contractile power will be exerted (Fig 278) By the sixth or 
seventh week fibrils can be made out running lengthwise m the cytoplasm of 
the young smooth muscle cells (Fig 179, A) These arc the so-called myo- 
fibrils^ which are believed to be the contractile elements within the muscle 
cells 

By the ninth week the characteristic spindle shape of the smooth muscle 
elements is well established and the myofibrils have become more numerous 
and more delicate (Fig 179, B) During the latter part of gestation there is 
little striking change in the character of smooth muscle cells although the 


1 It should perhaps be emphasized that myofibrils are not demonstrable by ordinary means m 
undisturbed living muscle They show up clearly only after the cells have been subjected to injury 
or to the coagulation processes involved in fixation This should not be taken as proof that no swh 
things as mv ofibnls exist in living muscle Theoretically at least, they might be present but mvuible 
because of lack of any optical qualities which difTerentiatc them from the surrounding cytoplasm 
More work with some of the newer methods of study u needed on the nature and acuon of these 
nteresting fibrils which, m one form or another, seem to be characteristic of all types of muscle 



HISTOGENESIS OF MUSCLE 

increase in the number of myofibrils continues, and the cells become some- 

tv hat more robust (Fig 179,0) , , , , , 11 

Cardiac Muscle In the formation of the primitive tubular heart it will 
be recalled that the splanchnic mesoderm gives rise to the epimyocardial layer 
which invests the endocardial primordia (Fig 72) The surface cells of the 
epimtocardium retain their original epithelial character, forming the mcso- 
thehal covering of the heart The inner part of the epimy ocardium, as its name 
implies, gives rise to the muscular tissue of the cardiac wall In the early stages 
of their differentiation, the cells of the myocardium are packed closely to- 



Fig 179 Histogenesis of smooth muscle (Camera lucida drawings, X 500 ) 

A, Intestinal wall of 14 8-mm embryo B, Small area of tunica musculans of 
intestine of 33'mm embryo C, Small area ol tunica musculans of adult small 
intestine, including part of a ganglion of the myenteric plexus 

gether with little indication of any definite plan of arrangement About the 
time the first contractile activity begins, the nuclei are somewhat less close 
together and the cytoplasm of adjacent cells has coalesced to form a loose 
irregular syncytium (Fig 180, A) It is at about this time, also, that a sugges- 
tion of myofibril formation begins to be recognizable 

Not long after their first appearance the young myofibrils become very 
conspicuous They are much larger than the fibriU of more mature cardiac 
muscle and show conspicuous dark bands due to the local concentration of 
anisotropic substance (Fig ISO, B) At this early stage the myofibrils are rela- 
tively few in number and they pursue a startlingly irregular course, frequently 
crossing one another They traverse the syncytium for considerable distances. 
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certainly not being restricted to any limited cytoplasmic areas such as might 
have been derived from single cells before their coalescence 

As the growing muscle is pulled into spiral bands about the developing 
chambers of the heart, the strands of the syncytium gradually become less 
irregular in their arrangement In sectioned material from the hearts of 
embryos of the third month, areas appear showing groups of fibers running 
more or less parallel to each other and crossing other fiber groups at varying 
angles The my ofibnls hav c become more abundant, and lining up of the dark 
and light portions of adjacent fibrils is beginning to give the muscle a cross- 
striated appearance (Fig 180, C) In comparing fetal with adult cardiac 
muscle the further increase in the number of myofibrils and their decrease m 
coarseness IS most striking (Cf C and D m Fig 180) 

The last of the characteristic histological features of cardiac muscle to make 
their appearance are the intercalated disks These are curious transverse mark- 
ings which seem to appear about where one could readily believe adjacent 
cellular elements fused to form the syncytium, but with cardiac muscle having 
been syncytial almost from its establishment, the conception that these disks 
really do represent the re-cmergcncc of the original cell boundaries is difficult 


to support 

Skeletal Muscle Except for the cephalic region, and possibly the distal 
parts of the appendages, the skeletal muscles of the body are dcnv'ed from the 
myotomal portions of the mesodcrmic somites (Fig 63) The muscles of the 
head, and some of the neck muscles, are formed by mesenchymal cells from 
the branchial arch region and from the more dorsally located mesenchyme of 
the cephalic regions rostral to the otic level It will be recalled that in mam- 
malian embryos the most cephalic somites appear just caudal to the otic 
vesicle (Fig 182) In many of the lower forms, however, definite preotic 
somites arc formed, and it seems quite probable that the more dorsally located 
portion of the cephalic mesenchyme of mammals represents what, earlier m 
phylogeny, was segmentally arranged dorsal mesoderm, serially homologous 
with the somites farther back in the body The fact that the eye muscles which 
are derived from this cephalic mesenchyme, are innervated in a manner 
similar to somatic muscles derived from ty'pical postotic mesodcrmic somites 
offers strong collateral evidence in favor ot such an interpretation 

The mesoderm of the young appendage buds is difficult to analyze because 
the entire central part of the bud is composed of densely packed mesenchyme 
without any lines of demarcation helpful in determining its source, and even 
without any indication, at first, as to what will form skeletal parts and what 
w ill form muscle Again, on the basis of findings m low er forms, it seems prob- 
able that the part of the mesoderm m the appendage buds which gives rise to 
the muscle represents outgrowths from the myolomes at appendage-bud 

levels (r.g 182) Certa.nl> the innervation of the appendages points strongly 

to such an interpretation ° ’ 


histological changes .nvohedmtheformattonofskcletalmusclc are 

regardless of whether it is of primary myotomal origin or from 


mesen- 
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Fjo 181 Histogenesis t>F skeletal mutcle 200 tnm embrvo 
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chymal tissue of similar potentialities The cells early show a tendency for 
their finely granular cytoplasm to become elongated At first the young 
muscle fibers possess only a single, large, centrally located nucleus This con- 
dition, however, persists for only a brief period and with their greater elonga- 
tion the fibers become multinucleatcd (Fig 181, A) 

Myofibrils become recognizable coincidentally with the elongation of the 
young muscle fibers The myofibrils are at first few in number and, as was the 
case with smooth and cardiac muscle, much coarser than the myofibrils of 
adult muscle Almost from the first they show alternating dark and light bands 
due to local serially repeated concentrations of anisotropic substance The 
myofibrils first appear m the peripheral part of the developing fiber, leav mg a 
central core of unmodified cytoplasm in which the nuclei are located (Fig 
181, A, B) 

As differentiation of the muscle fibers progresses, the myofibrils become 
more abundant and more slender They tend to fill the central cytoplasmic 
area and, during the last third of mtra-uterine life, begin to crowd the nuclei 
toward the periphery of the fibers (Fig 181, F, G) At the same time the 
juxtaposition of the dark and light zones of adjacent myofibrils gives the 
muscle fiber as a whole a cross-banded appearance (Fig 181, C) This cross- 
banding IS much more conspicuous m skeletal than m cardiac muscle and is 
responsible for the fact that skeletal muscle is often designated as striated 
voluntary muscle 

In a fetus at term the skeletal muscle fibers have all the essential histological 
characteristics of adult skeletal muscle The fibers are, however, much more 
slender than those of the adult and the nuclei are more rounded and less 
strongly crowded against the sarcolemma The anisotropic (dark) bands are 
somewhat less prominent m fetal than m adult muscle so that it gives the 
impression of having more delicate striations (Cf Fig 181, D, E ) 


MORPHOGENESIS OF THE MUSCULAR SYSTEM 
From the functional standpoint, and on the basis of differences m the 
character of their innervation, the muscles of the body fall into one or the 
other of two categories — the visceral musculature or the skeletal musculature 


VISCERAL MUSCULATURE 

The visceral musculature arises from splanchnic mesoderm that in the 
course of development applies itself as an outer coat around the primary epi- 
thelial lining of hollow internal organs Except for the musculature of the 
heart, which is of its own peculiar type, the visceral musculature is smooth 
All of the visceral musculature, whether cardiac or smooth, operates under the 
regulatory control of the autonomic nervous system, but can not be made to 
respond directly to our tv ill The plan of arrangement exhibited by this in- 
voluntary musculature is definitely correlated with the function of the nar- 
ticuUr organ in which it occurs and is, therefore, best considered in connectan 


With the discussion of the several 


organ systems m subsequent chapters 
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In general, the muscle cells arc organf/td into bands or sheets held m place 
within tilt oigan b) ronnectnc tissue In tubular organs such as those of the 
digcstne system whcic scmisohd contents arc moved through the lumen there 
arc charnclerislic.illy two coats of smooth muscle, an inner circular and an 
outer longitudinal It is thcco-ordmatedactionofthcsc twomuscJclaycrswhich 
IS responsible for the propulsive action known as peristalsis In organs such 
as the urinary bladder, or the uterus, or the \ entriculnr chambers of the heart 
m which contraction of the walls c\pcls the tonicnis and reduces the lumen 
to a mere potential sht, the musch fends to Ixr arranged m irregularly inter- 
lacing liancls T he force of contraction m such a system pulls the walls m from 
all directions, thus affording the most clUcicnt mechanism possible for com- 
plete reduction of the lumen with the resultant expulsion of its contents 

SKELETAL MUSCUL.\TURE 

Skeletal muscle fillers, acting under the control of the will, attach to and 
move the bony framework of the lx)d), nkc pnrt in the formation of the walls 
of the oral, thoracic, abdominal, and pcKic cavities, and arc built into the 
structure of the phary nx, lary ii'c and upper esophagus, and the cy cs and ears 
Altogether, the skeletal musculature of tlic adult liody composes some 40 to 
45 per cent of us total wciglit Escept for a few small, circularly disposed 
muscles such as the orbicularis ons, or the muscle in the upper part of the 
esophagus, or the anal sphincter, the skeletal muscles tend to l>c organized 
masses of characteristic shape, circumscribed by conncctiv c-tissuc sheatlis, and 
exhibiting definite points of origin and of insertion Our text-books of human 
anatomy recognize some 327 paired and mo unpaired skeletal muscles in the 
adult body Any attempt to consider systematically the development of such 
an array of muscles would be entirely beyond die scope of this book We can, 
however, see what the simple basic pHn of the primordial muscle masses is 
like in young embryos, and try to follow m broad outline some of the develop- 
mental trends, an understanding of which will prove helpful m Studying adult 
myology 

Primary Arrangement of Myotomes xn Young Embryos It will be 
recalled that the first somites to be formed arc the most cephalic ones of the 
senes and that they appear close behind the auditory placode during the third 
week of development (Fig 48) Their number is increased rapidly by the 
addition of new somites caudal to those already formed (Figs 49-53), until, 
by the sixth week, their total has reached about 39 pairs (Fig 60) Some un- ^ 
certainty as to the exact count exists because of the difficulty of assessing the 
segmental value of the mesodermal pnmordia of the eye muscles, and on 
account of the variable number of poorly defined somites m the rudimentary 
caudal region Surprisingly constant are the eight cervical, twelve thoracic, 
five lumbar, and five sacral somites Adding to these 30 the usual four occipital 
and five caudal myotomes gives the 39 pairs of somites indicated m the con- 
ventionalized diagram of Fig 182 Such a raunt of course leaves out of con- 
sideration the problematical eye-musde primordia 
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The stippled areas m Fig 182 indicate approximately the extent of the 
myotomes \\hen they first differentiate (Cf Fig 63, C) The unstippled 
\ entral extensions from these areas suggest schematically the general territory 
of the embryonic body into \shich each myotome extends The developing 
muscle fibers m the myotomes at first run m a craniocaudal direction In cer- 
tain areas the primordial muscle masses, as \\c shall see direcdy, undergo 
changes in their fiber direction and extensive secondary shifting out of their 
areas of origin, but many of the trunk muscles, especially the intercostal 
muscles and the muscles of the vertebral column, retain essentially their 
original segmental relations Even in regions where the changes m the rela- 
tions of the muscles themselves are difficult to follow, the cutaneous nerves 
still exhibit a distribution which gives a striking demonstration of the areas of 
the adult body vshich are derived from the several segmental zones of young 
embryos (Cf Figs 182, 183, 199 ) The innervation of the various primordial 
muscle masses is acquired v ery' early from nerv cs arising at the same segmental 
lev el in the body so that when secondary changes in the position of the muscle 
occur the already attached nerv c is pulled along w ith the muscle The lev el of 
origin of a muscle is, therefore, indicated by the segmental level at which the 
nerve supplying it arises Moreover, the path of the nerve m reaching the 
muscle suggests the path followed by the muscle in arriving at its adult location 
A good example of this sequence of events is the association of the phrenic 
nerve with the muscle of the diaphragm Its almost direct course from the 
fourth and fifth cervical nerves of the young embryo to the developing dia- 
phragm IS clearly shown in Fig 199 In striking contrast is its long course m 
the adult from the neck, along the pleuropericardial folds, to the diaphragm 
in the position it finally comes to occupy m the body far caudal to the seg- 
mental level of Its origin 

Fundamental Processes in Differentiation of Muscular System With 
the primitive segmental plan of the neuromuscular system of young embryos 
clearly m mind as a starting point, it is piobsible to see certain commonly 
repeated ty'pes of changes which are operative in establishing the adult 
plan of arrangement of the muscles These have been ably characterized by 
McMumch under the six headings which are given below with only slight 
changes from his original order and phrasing 

1 There may be changes from the original craniocaudal direction of the 
mu-icle fibers m the myotomes This is a trend of very ividespread occurrence 
As a matter of fact, the original direction of the fibers is retained m compara- 
tiv ely few of the adult muscles An excellent example of directional change is 
afforded by the oblique course of the muscles of the abdominal walls (Figs 


2 A long.tudmal splitting tnto tuo or more portions may occur m an 
ongmall) s.ng e pnmord.al muscle mass This process ,s ucll illustrated m the 
formation of tlie trapezius and stcrnomastoid (Figs 189, 190 192) 

3 There may be tangential splitting of the original my otomal masses into 
ttvo or more layers An example ofthts pmcess is afforded bt the manner of 
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In general, tlic muscle cells arc organized into bands or sheets held m place 
withm the organ by connective tissue In tubul.ir organs such as tliose of the 
digestive system where stmisohd contents .ire moved through the lumen there 
arc charactcnstic.illy two coats of smooth muscle, an inner circular and an 
outer longitudinal It is tlic co-ordmated action of tficsc two muscle hirers which 
IS responsible for the propulsive action known ns peristalsis In organs such 
as the urinary bhadder, or the uterus, or the ventricular chambers of the heart 
in which contraction of the wills tx/icJs the contents and reduces the lumen 
to a mere potential sht, the muscle tends to be .inrnngcd m irregularly inter- 
lacing bands The force of contraction in such a system pulls the walls in from 
all directions, thus affording the most efficient mccliarusm possible for com- 
plete reduction of the lumen willi the resultant expulsion of its contents 

SKELETAL MUSCULATURE 

Skeletal muscle fillers, .acting tmder the control of the will, attach to and 
move the bony framework of tlic body, lake pin m tlic formation of the walls 
of the oral, thoracic, abdominal, and pelvic cavities, and arc built into the 
structure of the pharynx, larynx and upper esophagus, and the eyes and cars 
Altogether, the skeletal musculature of tlic adult body composes some 40 to 
45 per cent of its total weight Except for a few sm.all, circularly disposed 
muscles such as the orbicularis oris, or the muscle m the upper part of the 
esophagus, or tiic anal sphincter, the skeletal muscles tend to be organized 
masses of characteristic sliapc, circumscribed by conncctivc-tissuc sheaths, and 
exhibiting definite points of origin and of insertion Our text-books of human 
anatomy recognize some 327 paired and two unpaired skeletal muscles m the 
adult body Any attempt to consider systematically the development of such 
an array of muscles would be entirely beyond tlic scope of this book We can, 
however, see what the simple basic plan of tlic primordial muscle masses is 
like m young embryos, and try to follow in broad outline some of the develop- 
mental trends, an understanding of winch will prove helpful m Studying adult 
myology 

Primary Arrangement of Myotomes in Young Embryos It wall be 
recalled that the first somites to be formed are the most cephalic ones of the 
senes and that they appear close behind the auditory placode during the third 
week of development (Eig 48) Their number is increased rapidly by the 
addition of new somites caudal to those already formed (Figs 49-53), until, 
by the sixth week, their total has reached about 39 pairs (Fig 60) Some un- ^ 
certainty as to the exact count exists because of the difficulty of assessing the 
segmental value of the mesodermal pnmordia of the eye muscles, and on 
account of the variable number of poorly defined somites m the rudimentary 
caudal region Surprisingly constant are the eight cervical, twelve thoracic, 
five lumbar, and five sacral somites Adding to these 30 the usual four occipital 
and five caudal myotomes gives the 39 pairs of somites indicated in the con- 
ventionalized diagram of Fig 182 Such a count of course leaves out of con- 
sideration the problematical eye-muscle pnmordia 
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6 Finally there may be degeneration of portions, or of the whole, of a 
muscle segment When a muscle thus degenerates, it tends to become con- 
verted into connective tissue, and many of the strong aponeurotic sheets 
which occur in the body owe then- origin to tins process Thus, for example, 



Fiq 183 Segmental areas of the adult 
body as indicated by distribution of cutane- 
ous nenes (Adapted from various sources ) 
Compare with Tig 182 


the aponeurosis connecting the occipital and frontal portions of the occipito- 
frontalis muscle m man is formed in this way In such forms as the Wr 
monkeys this complex remains almost entirely muscular Another good ex- 
ample IS to be found m the aponeurosis which occupies the interval between 
the superior and inferior serrati postici, these two muscles being continuous 
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the muscular system 


formalion of the lito oblique, and the (raa«crsc lajcrs of the abdominal 
walls, and by tlic intercostal muscles (Figs 184, 186, 187) 

4 Another process of frequent occurrence is the fusion of portions of suc- 
cessive injotomes to form a single muscle This is well illustrated by the rectus 
abdominis muscle which is formed by the fusion of the ventral portions of the 
last si\ or seven thoracic my otomes (Fig 1 87) The superficial portions of the 
sacrospinalis arise in a similar manner 



Fig 182 Schematic diaitram showing the regions into which the 
embryonic myotomes extend The stippled area indicates the approximate 
size of the original mcsodermic somite, the unstippled ventrolateral areas 
outlined opposite each somite suggest the territory into which the myo- 
tomes tend to extend Compare with Fig 183 

5 There may be a migration of muscle priraordia, wholly or m part; 
segmental levels different from those of their origin For example, the la- 
tissimus dorsi which arises from cervical myotomes (Fig 186) extends far 
caudad (Fig 187) and finally attaches to the lower thoracic and lumbar 
V ertebrae and the crest of the ihum The muscles of facial expression exhibit 
an equally striking example of migration away from the segmental level of 

Oj.jgjn in this case from the region of the second visceral arch cephalad to 

positions around the mouth, nose, and eyes (Figs 189-193) 
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fusion of m)otomal fibers to form massixc suprasegmental muscles is furnished 
b> the development of the sacrospinalis muscle group (Figs 186, 187) From 
their position dorsal to the a\ial skeleton these muscles are frequentl) charac- 
terized as epaxial trunk muscles (Fig 185) Ventral to the vertebral column/ 
other long muscles are formed b> a similar process Such muscles (e g , the 
psoas major and quadratus lumborum) are spoken of as hypaxial trunk 
muscles 

The muscles of the lateral and v entral vv alls of the abdomen arise from the 
lower thoracic and upper lumbar m^otomes In 9-10 mm embryos ventral 
extension of these mvotomes is already well advanced, but the original ceph- 
alocaudal direction of the fibers is still clearly retained (Fig 184) Fusion of 



Fig 185 Schematic diagram of some of the major developing muscle masses to 
show their relations to t' c axial, and to the appendicular skeleton 


the developing fbers cf adjacert myotomes has commenced and is particu- 
larly well marked along the ventral borders of the growing myotomes where it 
foreshadows the formation cf the rectus abdominis muscle (Cf Figs 184 
187 ) In embryos of about s x weeks (Fig 186) there is evident the beginning 
of the tangential splitting of rry otomes to form the deep and superficial muscle 
lay ers w ith their fibers running m different directions The characteristic angle 
of the external oblique fibers, the way they become continuous so that the old 
myotomal boundaries are no longer evident, and their separation from the 
rectus abdominis fibers, are all clearly show n in reconstructions of embryos at 
the beginning of the eighth week (Fig 187) 

Even this very sketchy account of some of the mam steps in the develop- 
ment of the muscles of the trunk and body-wall should make it apparent that 


• In the lumbar region where the ribs do not form a clear cut boundary the 
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in lower fomii Tire Urong Uimhav iponturosii ami lire aponcurores oi the 
oblique ami tranwerie murelii of tire alxlomcn alw ariic bv mch a process 
(laviiiK bccoim. f.iimliar wiih tire fiimhmcntal IremU imoKcd in the 
tlcvclopnicnt of lire imiiciil.ir s>«tiii .n a whole, we iiia> now consider briefly 
a few arbitrarily selccieil rtgiont where the cleveloinireiit of the miisculalurc 
»vill jlliistratc lilt principles outlined 
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Tia 184 Supcrfvcval dtsstewon (X X'l 5) so Bho\s desclopvng trunk muscles 
of a 9‘mm human cmbr>o (After Bardeen and Lewis, Am J Anat , Vol t, 
1901 ) 


Muscles of Trunk and Body-wall Tlic more dorsal and deeper parts of 
the myotomcs of the trunk tend to retain their segmental character with least 
modification Here they he closely intcrdigitated with the developing axial 
skeleton and become attached to it as the intervertebral muscles In the deeper 
parts of the ventrolateral extensions of the myotomes at thoracic levels, also, 
the original segmental arrangement is kept m the form of the intercostal 
muscles At the same time tangential splitting of the myotomes tends to sepa- 
rate off some of their more superficial parts which become much more modi- 
fied than do the deeper layers These superficial muscle masses give rise to the 
long muscles of the neck and back One of the best examples of the end-to-end 
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muscles developing on the onginallj dorsal aspect of the appendage become 
the extensors while those developing ventrallj become the flexors (Fig 185) 
Outgrowths of the dorsall) situated mesodermal masses toward the trunk 
furnish the primordia from which abductor muscles arise and similar ventral 



outgrowths give rise to the adductor museles (Fig 185) Later in develop- 
ment, because the arm and leg flex and rotate differcntlv out of their originally 
similar positions, the extensor muscles of the arm come to he on its outer and 
dorsal aspect while the corresponding muscles of the leg he on its ventral and 
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the general trends referred to m the prcading sccuon do not operate inde- 
pendently hilt in N.irioiis cornhmations 'ihus m the ease of development of 
the nlidomnu! nniselcs, tangtniial splitting into superficial and deep Ia}crs, 
ehnnge of fiber direction, fusion of .idjacent inyotomes, and formation of 
aponeuroses by fibrous rcpiaecnient of certain rniiscic areas were all involved 
Muscles of Appendages I he dinicnUy of tracing in mammalian embryos 
tilt precise origin of the niuscle-forniingimsodirm of ilie appendage buds has 
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Fio 186 Superficial dissection (X 10) to show the developing trunk atid 
iimb muscles of an Il-mm fruman embryo (After Bardeen and Lewis, Am J 
Anat,Vol 1,1901) 


already been mentioned The innervation of this muscle, however, is so similar 
to that of other muscle masses unequivocally of somitjc origin that-^at least 
until evidence to the contrary is forthcoming — vve may regard the primordial 
muscle masses of the appendage buds as representing outgrowths from the 
group of myotomes at the segmental levels at which the arm and the leg arise 
(Fig 182 ) 

As the bones of the appendicular skeleton become differentiated, the meso- 
derm from which the muscles will take shape tends to aggregate m masses 
grouped dorsal to, or ventral to, the developing skeletal parts In general the 
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inner surface (See pp 193-195 and cf Figs 185, 186, 187 ) Embr>os of the 
eighth week (Fig 187) arc particular!) instructive m this connection for the 
major muscles familiar m the adult arc already becoming rccognirablc, while 
the limbs have not )tt flexed and rotated so far out of their primary position 
that the corresponding muscle groups arc difUcuU to recognize 

Muscles of Perineal Region Tlic muscles of the perineal region dilTcr- 
cntiate somewhat later than the abdominal musculature They appear to lie 
derived from poorl) defined mesodermal masses probably arising as ventral 
extensions of tlie third and fourth sacral inyotomes At first the developing 
muscle fibers tend to eneircle the ])rimitivc cloacal opening (Fig 188, A) 
With tlic pariiiionmg of the cloaca into urogenital and rectal portions, the 
fibers become rearranged so tlini anus and urogenital sinus each have separate 
sphincter muscles (Fig 188, R, F) Aliout the anal region, in both sexes, some 
of the more peripherally located fillers become organized into the levator am 
muscles (Fig 188, ll-D, F-G) 'I he later dificrcntntion of the muscle about 
the orifice of the urogenital sinus differs in the tuo sexes, although Jiomologous 
muscle gioups remain clearly recognizable In tlic female some of the more 
laterally located fibers become partially sepanted and organized to form the 
small ischiocavcrnosus muscles to the clitoris After the v'agina becomes well 
developed, some of the inner fibers of the sphincter of llic urogenital sinus be- 
come rearranged to constitute (he urctliral spluncter uhde the bulk of them 
form the bulbocavcrnosus muscles enclosing the vaginal orifice (Fig 188, 
B-D) 

The homology of the iscinocavcrnosus muscles in the two sexes is readily 
tipparcnt at anv stage of development The changes m the relations of the 
bulbocavcrnosus fibers arc more discrgcnt In the male the original urogenital 
orifice lies m line with the urethral groov c on the under side of the developing 
penis The closure of this groove to form the penile urethra carries the uro- 
genital orifice out to the tip of the penis (Fig 381) ^Vlth this change the 
bulbocavcrnosus fibers from citbcr side arc brought toward the mid-hnc 
beneath the cutaneous raph6 marking the line of closure of the urethral groove 
(Fig 188, F) Casual scrutiny of the way these bulbocavcrnosus fibers m the 
adult male enwrap the proximal part of the penis makes their relations appear 
quite different from the corresponding muscles in the female Careful compari- 
son of the manner of insertion of these fibers m the clitoris and m the penis, in 
the adult, and a review of their relations in embryos before closure of the 
urethral groove has occurred should, however, serve to make the homology 
apparent 

Muscles of Head and Neck In young embryos the head is broadly 
attached to the trunk with the limits of the future cervical region ill defined 
Moreover, some of the muscles which make their first appearance in the zone 
of transition from head to trunk are carried caudad from their level of origin 
as they develop, whereas others move farther rostrad It is, therefore, more 
logical and convenient in a brief account such as this to deal with the develop- 
ment of the musculature m the cervicocephaiic region as a whole 
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Between the point at which the eye muscles originate and the clearly 
recognizable postotic somites, the mesoderm at first consists merely of loosely 
scattered mesenchymal cells These cells, however, multiply with great rapid- 
ity and soon become densely paAed in all the otherwise unoccupied space 
between the developing brain and the superficial ectoderm Laterally and 
ventrally, conspicuous masses of them arc crowded mto the visceral (bran- 
chial) arches It is from this mesoderm that a large part of the musculature of 



the neck and face arises Because of this derivation from the mesoderm of the 
series of gill (branchial) arches, such muscles are described as being of branch- 
omenc ongtn In this part of the body where somites are absent the branchial 
arches make excellent descriptive landmarks The statement that a nerve 
supplies the second branchial arch, or that a muscle arises in the third, has 
the same exactitude that designation of the somitic lev el of origin giv es in other 
parts of the bod) 

From what has been said about the earl) arrangement of the mesenchyme 
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As wc havL already sten, tjpical mcsodcrmic somites arc found throuch- 
oiit the levels llial are destined to be incorporated in llic neck, and a lariabic 
number usually four arc formtd m die occipital part of the head (Fig 
182 ) In the embrjos of some of the loucr forms tlicrc are transitory indica- 
tions of somites recogmrable far forward m the licad In die Mammalia, how- 
ever, with the great spcciahr ition of ilic cephalic region, the limits of such 
pnmitiv c nielamcrcv have become largely mashed bv local specializations and 
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Fig 189 Schematic diagram of 7-nim (fivc-ucck) embr>o showing the 
primordial mesenchymal concentrations from ^vhich the cephalic muscles are 
derived (Modified after W 11 I-cuis ) Note cspccnll) the cranial nerves which 
are associated with tlic several prcmusclc masses and compare this and the 
following illustrations with Figs 215-217 

by secondary fusions Not even in voun^embrvos is it possible to make out an> 
metamcnc divisions m the mesoderm rostrnl to the level of the otic vesicles 
In spite of the absence of any demonstrable segmentation of the preotic meso- 
derm of mammals in ontogeny, the circumstantial evidence offered b> the 
head somites of prumtiv e forms seems to indicate that the mass of mesoderm 
from which the e}’e muscles are developed (Figs 1 89, 1 90) should be regarded as 
representing the fusion of persisting parts of about three of the most rostrall) 
located of the head somites of primitive ancestral forms This interpretation is 
supported by the fact that the innervation of the eye muscles is of the same 
character as that of muscles of soimtic ongm in other parts of the body 
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Between the point at which the eye muscles originate and the clearly 
recognizable postotic somites, the mesoderm at first consists merely of loosely 
scattered mesenchymal cells These cells, houcv er, multiply with great rapid- 
ity and soon become densely packed m all the otherwise unoccupied space 
between the developing brain and the superficial ectoderm Laterally and 
ventrally, conspicuous masses of them are crowded into the visceral (bran- 
chial) arches It is from this mesoderm that a large part of the musculature of 
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As \vc lia\c nircad) stcn, l>T>ical mcsodcrmic somites arc found through- 
out the levels that art destined to lx. incorporated m the nech, and a Yartablc 
number— usually four— arc formal in Hit occipital part of the head (Fig 
182) In the embryos of some of the loutr forms there arc transitory indica- 
tions of somites rccognirablc far forward in the head In the Mammalia, ho«- 
t\cr, with the great spcei di/ation of the cephalic region, the limits of such 
primi live mclameres hat e Ixcome largely mashed by local specializations and 
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Fig 191 Sc.hemat«c diap-airs i'’d eating the manner n ulitch the muscles 
of facial expression are derived from the migration and differentiation of hj oid 
arch muscle A, Location of h>oid arch muscle m shark B, Addition of a 
superficial sheet of muscle as shown by certain Amphibia (Modified from 
Lmst Huber ) C, Primordial superficial muscle sheet m human embryo of six 
ueeks (After Futamura ) D, Cceper primordial muscle layer of six-ueek. 
embryo becoming organized into muscles about mouth and nose (Modified 
from Futamura ) E, Superficial muscles of head of seven-week embryo (Modi- 
fied from Futamura ) F, Deeper muscles of face in seven week embryo (Modi- 
fied from Futamura ) 
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in the branclnal region it n\i11 be readily understood that the primordnl 
masses from which specific muscle groups arise arc not at first sharply de- 
limited It should be realized tint Figs 189 and 190 have been freely schema- 
tized to emphasize the relations of these early muscle masses to the branchial 
arches, and to the cranial ncr\cs with which they arc associated Morcoscr, 
It must be borne m mind that the deeper layers of the mcscnchynic arc in 
voKcd in the formation of the meningeal covering of the brain, the chondro- 
cranium, and, at later stages, the formation of the membrane bones of the 
cranium and face, none of which processes are even suggested m thest figures 
drawn particularly to show' the muscle j nmordin 

The primordial mesenchymal mass from which the four recti and two 
oblique muscles of tlu eye arise is, from the first, in close relation to tlic devel- 
oping optic vesicle (Fig 189) Fhesc muscles arc formed by gradual organiza- 
tion in situ, and their adult location (Fig 193) is not radically different from 
their point of origin The relations of the fourth nerve to the superior oblique 
muscle, of the si\th nerve to the external rectus, and of branches of the third 
nerve to the remaining eye muscles can be made out as early as the latter part 
of the second month of development 

In general the muscles of branchiomcnc origin tend to retain the innerva- 
tion characteristic of the gill-arch stages m phylogeny and ontogeny Thus we 
find the muscles which arise from a primordial mcscnchyanal mass m the 
mandibular arch (Fig 189) supplied by motor fibers m the mandibular divi- 
sion of the fifth (trigeminal) nerve (Fig 219, A) Tins group includes the 
miiscUs of mastication (temporal, masseter, and pterygoids) and also the mylo- 
hyoid, the anterior belly of the digastric, the tensor veil palaimi, the tensor 
of the Eustachian tube, and (he tensor tympani This utilization of the muscle 
masses of the mandibular arcli region for chew ing and sw allow mg seems quite 
natural in view of their primary relations 

The muscles of facial expression have a much less direct and simple ongm 
With no muscular tissue between the skin and the bones of the rostral part of 
the skull, a fish’s change of facial expression is limited to the opening and 
closing of the mouth Since the muscle arising m the mandibular arch has 
been pre-empted for chewing and swallowing, the muscles of facial expression 
must be derived by the migration of other primordial muscle masses into 
facial territory With the functional regression of the gills, which occurs with 
the assumption of air-brcathing, the primordial muscle arising in the region 
of the hyoid arch is the nearest available source The muscle in this region has 
started to mcrease m conspicuousness in Amphibia with the addition of an 
outer superficial layer which acts as a primitive constrictor of the neck (Fig 
191 B) lu the mammals both the deep and the superficial layer of this hyoid 
arch musculature extend into the facial region Human embryos of the sixth 
and seventh weeks show this evolutionary process sketched out m recapitulation 
The primordial superficial muscle sheet spreads out onto the front and sides 
of the head, giving rise to the frontalis, auncularis, and occipitalis muscles (cf 
Figs 191 E, 192), and to the platysma oilli m the cervical region The 
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Fig 193 Dissection to show some of the deeper muscles of the adult head 
andneck (Modified from Coming) The color scheme is the same as in Fiss 189, 
190, 192 ^ ’ 

which was phylogenetically spmal Largely because of their innervation the 
lingual muscles are thought to be derned from the occipital myotomes In all 
probability this interpretation is correct, at least from a phylogenetic stand- 
point In mammalian ontogeny, however, the actual migration of premuscle 
elements from these somites into the tongue has yet to be satisfactorily 
demonstrated 

It has proved difficult, also, to determine the precise origin of the pri- 
mordial mass of mesoderm supplied by the spinal accessory nerve (XI) This 
mass first becomes recognizable at such a region that it is hard to be certain 
whether it is of branchiomeric origin or perhaps derived by migration of cells 
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nni^rks contifjlJing Jhc niovcniciifsof llic nov: and Iijw arc derived hrgelyby 
subgroupmg and rearrangement of the primordial deep la>cr of muscle from 
the Iiyoid arcli region (cf Tigt 191, D, I, 192, 193) The foregoing brief 
•ikctch senes to cmpiiasirc ilic fact that llic facial muscles migrate much more 
c\ti.nsi\cl> during tlctclojimcnt tlnn is the ease uiili most of the rest of the 
cephalic miisculnlnrc fn their niigntion they carry alongwjih them branches 
of llic scNcnlli nerve and of tlic external carotid artery whicli originally fur- 
nislicd tlic nerve and vascular supply to the liyoid arch It is only when one 
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Development of the Nervous System 

FUNOnONAL SIGNIFICANCE OF THE VARIOUS PARTS 
OF THE NERVOUS SYSTEM 

Without sor^c I ro\« ledge cf the functional significance of the various parts 
of the nervous sj stem to serve as a basis for correlation and interpretation, its 
study from either the dev clopmental or the anatomical point of view is likely to 
be barren and discouraging TheTcforc, even though u involves reviewing 
some familiar material, and also introducing other material which, con- 
ventionally, belongs more in the fcld of neuroanatom> than m cmbr>olog>. 
It seems advisable here to summarize certain conceptions which are essential 
to an understanding of the activities of the nervous system as a whole and of 
the roles played by some of us major divisions It is hoped that this approach 
will make the study of the developing nervous system more profitable and 
more interesting 

Neurons The nervous system is made up of cells which are highly special- 
ized n two cf the fundamental properties of protoplasm irntabiliiy and con- 
ductivity These cells develop cytoplasmic processes which extend from one 
part of the body to another, acting in the manner of telephone hues keeping 
the various parts of the organism in touch with each other and making jx>s- 
sible prompt and co-ordinated responses to alterations m internal or external 
conditions In the nervous system of animals as complex as the mammals 
most lines of communication involve chains of such cells arranged so that the 
end cf the process cf one cell comes into close relation with the processes or 
cell body of another When a change in environmental conditions (a stimulus) 
starts a wav'e of electrochemical change (a nerve impulse) m the protoplasm 
of one cell m the chain, the wave traverses the processes of the cell m which 
It was initiated and passes to the next cell m the chain, and so on Each link 
in the chain, that is each nerve cell with its processes, js called a neuron 

Synapses The point at which the nerve impulse passes from the process 
ol one cell to the prot esses or the cell body of another is known as a synapse 
Synapses between neurons appear to be m the nature of “contacts” sufficiently 
intimate to permit the passage of a nerve impulse, but not ordinarily involving 
structural continuity of the cell processes This contact type of relation at a 
sy napse, which is apparently “made” or “broken” under varying physiological 
conditions, underlies such phenomena as alternative responses to a given 
stimulus It implies the possibility of selective routing of the impulse over one 
3lS 
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from the occipitril somites ^Vhatcvc^ future work may prove to be the situa- 
tion with regard to this mass from which the slernocleidomastoid and trapezius 
muscles arc derived, it seems clear that the vifrah^oid muscles of the front of llie 
neck (Fig 192, muscles colored yellow) arc of somitic origin Tlicsc muscles 
arc supplied by the descending cervical branch of the hypoglossal nerve This 
branch is composed almost wholly of fibers from the first and second cervical 
nerves which run for a way with the h>poglossal proper (Fig 216) Some 
fibers from the third cciMcal also join this group more distall) 

It IS interesting how closely the pninorthal mass which gives rise to these 
infrahyoid muscles of the neck is associated with that from which the diaphrag- 
matic musculature arises (Figs 189, 190) The origin from the fourth and 
fifth cerv'ical nerves of the phrenic fibers supply ing the diaphragm, othcnvisc 
so surprising, becomes quite logical in the light of this cervical origin of the 
primordial mesenchymal mass from which lie diaphragmatic muscles arc 
derived 
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rons at any or all segmental le\els This arc is imolved in the involuntary 
reaction to a sudden noise ^ 

Reflex responses to sudden visual stimulation involve an arc quite similar 
to that described for reactions initiated by auditory stimuli The visual arc 
starts with sensory fibers arising in the retina of the eye In the superior 
colUculij after rela> through the thalamus and cortex, the impulses thus 
-i^mated discharge over efferent fibers The efferent fibers communicate with 
effector mechanism of the body over paths paralleling those in\ olved m the 
responses to auditory stimuli Through this arc ivould be brought about the 
automatic recoil from a sudden blinding flash of light ' 

The Cerebellum as a Co-ordinating Center The reflex, whether it is 
intrasegmental or intersegmental m type, and whether it involves spinal or 
cranial nerves or centers, constitutes a relatively simple action mechanism 
In the complex and more deliberate actions involving several parts of the body 
and the head, various co-ordinating centers of the brain, such as the cerebel- 
lum and the corpus striatum, come into play The cerebellum receiv es sensorv 
impulses (position sense) from all segmental levels of the body, and impulses 
for orientation in space from the semicircular canals and other special 
neurosensory terminations in the ear These impulses end m the cerebellum 
on the same side on which they were initiated 

For example, impulses from a neuromuscular spindle m a voluntary 
muscle of the neck, or arm, or from a Paciman corpuscle, are transmitted 
through a peripheral afferent neuron (4a0 to the spinal cord This first-order 
neuron synapses in the dorsal horn of the cervical cord with a second-order 
afferent neuron (4a^, the process of which crosses to the other side and ascends 
to the cerebellum Within the cerebellum it recrosses to the side of the bodv 
on which It was initiated After passing over a scries of synapses m the cere- 
bellum (4a® and 4a*), the impulse crosses and may be transmitted (4a®) to an 
efferent center such as the red nucleus (R) m the midbravn From the red nu- 
cleus It again crosses and passes by way of fibers (4e®) in the rubrospinal tract to 
the efferent neurons (4e-) of the cervical cord This neuron chain provides for 
shifts in position of the head and upper extremity relative to changes m body 
position in maintaining equilibrium The various neuron arcs of this tyqie make 
provision for the maintenance of normal posture, and the tonus of the muscles 
which makes such posture possible They make possible smooth, precise, 
and co-ordinated muscular action, the so-called synergic type of muscular 
control, of the kind involved m slowly bringing together the tips of the fore- 
fingers of the two hands, or touching the forefinger to the tip of nose with the 
eyes closed Both of these reactions are commonly used as clinical tests in 
cases of suspected cerebellar dysfunction 

The physiological interrelation of the vestibular apparatus of the internal 


‘ In order to avoid undue complicatioD of thr- .» . 

and vuual reflex paths from Fig 194 ^ expedient to omit the auditory 
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of several iieuron clinins b> the occurrence of ph>sjological contact at certain 
synapses and ph>siological disjunction at otlicrs 

The arrangement of neuron chains or arcs, as thc> arc frequently called, 
IS c\cccdingly compltK m tlu. litiman nert’ous system Consideration of its 
details would carr> us far afield, but it is quite possible to has c m mind enough 
of the basic scheme of neuron arrangement so that the various parts of the 
nervous system assume some meaning in terms of function rather tinn remain- 
ing as mere names, without significance and rcadilj confused 

Functional Classes of Neurons All the m>nad neurons which go to mike 
up the central and peripheral nervous system art ahk( m that tht> arc cells 
with attenuated processes spcci.ihrtd m conductisit) Among themselves 
they differ greatly as to location, rchtions, length, mimlitr and distribution of 
processes, and lyjit and direction of impulses transmitted runctionall), 
neurons can be divided into three mam groups — afferent, efferent, and 
association 

Anxnrsr Nluuoss These arc of two general orders First arc those that 
pick up impulses from sensory nerve endings and sense organs (receptors) and 
carry them mto the central nervous system These first-order afTcrcni neurons 
constitute one of the clnractcnstic components of the spina! and cranial 
nerves Second, there arc afferent neurons within the cord and the brain 
which relay incoming impulses from lower to higher centers 

El TERENT Neurons Like the afferent, efferent neurons arc of two general 
categories First arc those which conduct impulses from higher to lower centers 
wuhm the nervous system Second, there arc those rchying the outgoing 
impulses from the central nervous system over cranial or spinal nerves to 
muscles or glands (effectors) which respond by appropriate activity 

Association Neurons T hese neurons comprise those neurons and neuron 
chains which transfer afferent impulses to any one of a number of efferent 
neuron chains with which tlicir various processes connect 

These three functional categories of neurons — afferent, associaUon, and 
efferent — together with tlic receptors attuned to pick up various changes in 
internal or e\temal conditions, and the effectors capable of carrymg out the 
appropriate responses, constitute what vve may call the acuon system of the 
organism 

Nerves The various anatomical parts of the nervous system can be trans- 
lated into terms of afferent, efferent, and association neurons, and studied in 
the light of theu: characteristic activities Thus, what m the dissecting room 
we call “nerves,” are bundles of delicate neuron piocesses interconnecting 
xdTious ptripherallv located structures vvith the central nervous system The 
nuclei and the bulk of the cytoplasm (cell bodies, cytons) of the neurons are 
either massed at some point on the nerve to form a ganglion, or buried m the 
cord or brain where they are spoken of as nuclei, or nuclear masses The 
nerve itself consists only of the long slender neuron processes (nerve fibers) 
and the sheaths which protect them 
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The Corpus Striatum The corpus striatum, using the term in its most 
inclusive sense, is a group of nuclear masses differentiated from the deeper 
portions of the gray matter of the \ entrolatcral walls of the telencephalon 
(Fig 204) Functionally, the corpus striatum is concerned in producing 
smooth, automatic movements where fairly complex motor responses to 
stimulation are involved From the thalamus — and also from parts of the 
midbrain— impulses enter the corpus striatum whence, after synapse, they 
descend over paths to various efferent centers, particularly those of the mid- 
bram (Fig 194, Arc 6) From the midbram the impulses enter final common 
paths, such as the rubrospinal tract, along which they proceed, in company 
with those from cerebellar centers, to efferent neurons of the cord As we have 
seen b) tracing the above arcs, the corpus striatum, like the cerebellum, can 
be cut into the neuron chains controlling muscular activity When the corpus 
striatum is thus brought into pla>, it serves to control the smoothness and 
steadiness of motor responses and to regulate muscular tonus It is also 
responsible for the execution of certain so-called automatic associated 
movements, such as the s\va>ing of the body and the swinging of the arms 


in walking 

Voluntary and Regulatory Control Superimposed on the neuron chains 
involved in the more stereotyped reactions are mechanisms affording a wide 
choice of behavior in response to stimuli entering over the various afferent 
pathways The centers for these highest and most plastic responses are in the 
cerebral cortex It is perhaps pertinent to emphasize in this connection that 
in embryological development, as well as m phylogeny, the cerebral cortex is 
differentiated from the pallia! areas of the lateral teicncephalic vesicles 
(Figs 204, 205) Fibers from various receptors enter the cortex by way of the 
thalamus and are dispersed into localized areas according to their special 
functions For example, visual impulses initiated by retinal stimulation are 
earned to the brain by way of the optic nerves In front of the hypophysis, 
the optic nerves from the two sides intersect to form the optic chiasma where 
some of the fibers cross to the opposite side and some remain uncrossed 
(Fig 236) From the chiasma these fibers extend to the visual relay centers 
(lateral geniculate nuclei) in the thalamus (Fig 194, Arc 5) From the thala- 
mus the impulses are projected to the centers for visual consciousness in the 


occipital poles of the cerebral hemispheres (Fig 236) The pathways for pain 
impulses, such as the one indicated from the foot to the cerebral cortex and 
for proprioceptive impulses, such as those from the muscles of the neck and 
arm, have already been discussed and diagrammed (Fig 194) By myriads of 
association neurons the cortical centers for the reactions specifically men- 
tioned, and for many others, are m free intercommunication Such neurons 
arc responsible for memory and for all choices of action conditioned by previ 
ous experience In short, these intercommunicating cortical centers with their 
appropriate discharge paths provide the basis for intelligent response m 
distinction to reflex reactions, to existing conditions Through associanon 
neurons of this system, impulses ma, be transmitted to the elTerent neurons 


'^22 DLVELOI'NirNT OP TIIC NPRVOUS SYSTEM 

( ar and ihc ctrcbLllum may be illmtratcd by an expt ricncc uith which most 
of us arc familiar When one dips on die icc, the first motor response is a 
general body reaction m svlncli the arm, Jcg, trunk, and neck muscles contract 
m an unco^ordmalcd manner 1 he major path involved m this reaction is that 
already .referred to as Arc 3 Traveling this arc, the impulse, which is set oJT 
m thcvscmicircular canals wiicn the slipping tlirows the body out of balance, 
passes to Belters’ nucleus, whence, after a relay, it proceeds directly through 
.1 descending vestibulospinal tract (3c*) to Uic efferent neurons (3c*) suppl> ing 
arm, trunk, and leg musculature At the same lime that the vestibular impulse 
IS sent caudalward, it is also projected to the cerebellum (3'a‘) From the 
cerebellum it discharges (3'c*) by way of Dcitcrs’ nucleus (D) and the v cstibu- 
lospinal tract (3'c*) to motor neurons (3'e*) Thus the vestibulospinal 
tract serves as a final common path, canning boili the impulses shunted 
directly to the effectors through the vestibular centers of the brain and those 
relayed over the longer route through the cerebellum Tlic effect of bringing 
the cerebellum into play is to make the movements niorc co^Drdinatcd and so 
more effective 

From the cerebellum, by way of the midbram and the thalamus, impulses 
initiated m the vestibular apparatus arc projected forward (3'a* to 3'a‘) to 
the cerebral cortex This path tlirough the cerebral cortex is, however, rela- 
tively long Consequently, there is an appreciable lapse of time before one is 
able voluntarily to control his aciiviiy through the conscious cfTcrent path 
(the pyramidal tract, 7c*, to the motor centers of the cord supplying arm, 
trunk, and leg muscles) As a result one usually falls, unless the cerebellar- 
vestibular reflex responses have proved adequate to meet the situation 

The Thalamus Flic term thalamus is applied to important aggregations 
of cell bodies m the lateral walls of the dicnccphalon (Fig 205, A) The major 
portion (dorsal thalamus) serves as a relay center for impulses going to the 
corpus striatum and to the cerebral cortex Some examples of afferent path- 
ways passing by way of the thalamus have already been mentioned It wiU 
be recalled that proprioceptive impulses from end-organs of position sense 
(neuromuscular spindles) or deep pressure sense (Paciman corpuscles) are 
projected from the periphery to the tlialamus of the opposite side by a two- 
neuron chain (4a* and 4' a*) Likewise, sensations of pain and temperature, 
after relay m the cord, cross and are projected to the thalamus It wiU be 
remembered, also, that proprioceptive unpulses are routed by way of the 
cerebellum to the thalamus These impulses, like the others mentioned, cross 
to the opposite side of the body from that on which they entered Specially 
differentiated portions of the thalamus also receive auditory and visual 
impulses These various sensory impulses are projected on the thalamus in 
characteristic patterns When these impulses are relayed to the appropriate 
cortical regions an equally characteristic pattern is there established Such 
oroiection patterns, maintained through different levels, provide the anatomic 
basis for the so-called localization withm the various sensory fields of the 
cerebral cortex 
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FUNCTIONAL SIGNIFICANCE OF THE NERVOUS SYSTEM 

THe Corpus Striatum The corpus striatum, using the term m its most 
inclusive sense, is a group of nuclear masses differentiated from the deeper 
portions of the gray matter of the ventrolateral walls of the telencephalon 
(Pig 204) Functionally, the corpus striatum is concerned in producing 
smooth, automatic movements where fairl> complex motor responses to 
stimulation are involved From the thalamus~and also from parts of the 
midbrain— impulses enter the corpus striatum whence, after S)Tiapse, they 
descend over paths to various efferent centers, particularly those of the mid- 
bram (Fig 194, Arc 6) From the midbrain the impulses enter final common 
paths, such as the rubrospinal tract, along which they proceed, m company 
with those from cerebellar centers, to efferent neurons of the cord As w e hav e 
seen by tracing the above arcs, the corpus stnatum, like the cerebellum, can 
be cut into the neuron chains controlling muscular activ ity When the corpus 
stnatum is thus brought into play, it serves to control the smoothness and 
steadiness of motor responses and to regulate muscular tonus It is also 
responsible for the execution of certain so-called automatic associated 
movements, such as the swaying of the body and the swinging of the arms 
in walking 

Voluntary and Regulatory Control Superimposed on the neuron chains 
involved m the more stereoty'ped reactions are mechanisms affording a wide 
choice of behavior m response to stimuli entering over the various afferent 
pathways The centers for these highest and most plastic responses arc m the 
cerebral cortex It is perhaps pertinent to emphasize m tins connection that 
in cmbryological development, as well as in phylogeny, the cerebral cortex is 
difi'ercnti'ucd from the palhal areas of the lateral telenccphahc vesicles 
(Figs 204,205) Fibers from V anous receptors enter the cortex by way of the 
thalamus and are dispersed into localized areas according to their special 
functions For example, visual impulses initiated by retinal stimulation are 
carried to the brain by way of the optic nerves In front of tlie hv’pophysis, 
the optic nerves from the two sides intersect to form the optic chiasma where 
some of the fibers cross to the opposite side and some remain uncrossed 
(Fig 23o) From the chiasma these fibers extend to the visual relay center <5 
(lateral geniculate nuclei) in the thalamus (Fig 194, Arc 5) From the thala- 
mus the impulses are projected to the centers for visual consciousness in the 
occipital poles of the cerebral hemispheres (Fig 236) The pathways for pam 
impulses, such as the one indicated from the foot to the cerebral corttv and 
for proprioceptive impulses, such as those from the muscles of the neck and 
arm, have already been discussed and diagrammed (Fig 194) By myriads of 
association neurons the cortical centers for the reactions spcciHcally men- 
tioned, and for many others, arc m free intercommunication Such neurons 
arc responsible for memory and for all choices of action conditioned by previ 
ous experience In short, these intercommunicating cortical centers with their 
appropriate discharge paths provide the basis for mtdhgcnt response m 
distinction to reflex reactions, to existing conditions Through associalion 
neurons of this system, impulses may be transmuted to the efferent neurons 
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DEVELOPMENT OF THE NERVOUS S\STEM 


constituting the common motor paths traversing the brain and the spinal 
cord to any parts of the action system (Arc 7 of Fig 194 shows the most 
direct motor path of tins type, the pyramidal tract ) 

SUMMARY 

In preparation for considering the development of the nervous s>stcm, 
an attempt has been made to explain some of the fundamental activities 
carried out m Us various parts By wav of summarv may now briefly 
characterize the major regions m terms of their functions We should think of 
the spinal cord and a considerable part of the brain-stem" as having a dual 
role These parts of the nervous system act as reflex centers and also afford 
conduction pathways to and from the higlier brain centers The specialized 
regions developed m the dorsal walls of the mesencephalon (corpora quadri- 
gemina, Fig 207) arc concerned with visual and auditory reflexes Of these 
two pairs of local elevations, the more cephalic (superior colliculi) arc visual 
reflex centers, and the more caudal (inferior colliculi) arc auditory reflex 
centers Functionallv, the cerebellum is a center co-ordinating muscular 
reactions, especially those concerned with the maintenance of normal posture 
The dorsal thalamus, situated m the lateral walls of the dienccphilon, serves 
as a gateway for impulses passing to the cerebral cortex In the deeper part of 
each cerebral Itcmisplicre is the corpus strnium, whicli, as we have just seen, 
IS concerned with the regulation of muscle tonus and with the execution of 
automatic associated movements Tlic more superficial portions of the cere- 
bral hemispheres become specialized as the cerebral cortex Certain cortical 
areas arc the highest terminal centers of reception for various types of mcom- 
mg sensory impulses, such as those resulting from visual, tactile, or proprio- 
ceptive stimulation Other cortical centers TOniain the cell bodies of neurons 
which arc the first units in efferent chains Important among such efferent 
paths are the pyramidal tracts (7c) which place the effector mechanisms of 
the body under the control of the will In addition to such afferent and effer- 
ent cortical areas, there are large regions interconnected with them which 
have associative functions The interplay of these cortical areas permits a 
choice of response to present stimulation which may be modified by the 
memory of past experience 

From the standpoint of the experimental biologist, the working out of the 
neuron arcs which provide the mechanisms controlling different functional 
activities IS a subject of great inherent interest As our knowledge of this field 
has grown it has been of increasing unportance m clinical medicine The posi- 
tion of motor and sensory centers, and of the fiber tracts which connect them, 
are now sufficiently well known so that the location of many brain lesions 
can be determined accurately by the functions affected Not all brain lesions, 
however, make themselves evident by specific motor or sensory disturbances 
For example, some recent work seems to mdicate that when certain associa- 

* Brain stem as usually employed is a convenient term for designating those portions of the brain 
other than the telencephalon, diencephalon and cerebellum 



HISTOGENESIS OF SPINAL CORD 


325 


tion areas in the frontal lobes of the cerebral hemisphere have their connec- 
tions with the rest of the brain severed interesting personality changes follow 

REVIEW OF EARLY STAGES IN ESTABUSHMENT 
OF THE NERVOUS SYSTEM 

The initial steps in the formation of the nervous system lake place very 
early m development Directly or indirectly many points of importance in 
connection with its establishment and early differentiation have already been 
discussed (See especially the section on the nervous system in Chapter 5 ) 
We have considered the origin of the neural groove by the infolding of a 
thickened plate of ectoderm m the imd-dor^al line of the young embryo, the 
closure of the neural groove to form the neural tube and the coincident sepa- 
ration of the tube from the parent ectoderm (Figs 48-51, 64) 

In the closure of the neural groove, certain cells lying near its margins 
remain independent, being included neither in the walls of the neural canal 
nor in the superficial ectoderm as it closes above the newly established neural 
tube These ribands of cells come to he on either side, m the angles betvieen 
the superficial ectoderm and the neural tube, and constitute the neural crests 
(Fig 64) They are the primordia of the sensory ganglia of the spinal and the 
cranial nerves, and indirectly of the sympathetic ganglia 

Almost as soon as it is independently established, the neural tube becomes 
markedly enlarged cephalically This dilated anterior portion is the pn- 
mordmm of the brain Posteriorly the neural tube remains of relatively 
uniform diameter as the forerunner of the spinal cord 

In Its enlargement the brain at first exhibits three regional divisions — the 
primary forebrain, midbram, and hindbrain, or, to use their more technical 
synonyms, the prosencephalon, mesencephalon, and rhombencephalon (Fig 
203, A) This three-vesicle stage of the brain is short-lived The prosen- 
cephalon is subdivided into two regions, telencephalon and dicncephalon, the 
mesencephalon remains undivided, and the rhombcncephahc region becomes 
differentiated into metencephalon andmyelencephalon Thus m place of three 
vesicles, five are established This stage in the development of the brain is 
well shown in embryos between 9 and 12 mm m length (Figs 65-68) Start- 
ing with these familiar conditions as a basis, we arc ready to trace the later 
differentiation of some of the more important parts of the nervous system 


HISTOGENESIS OF SPINAL CORD AND FORMATION 
OF SPINAL NERVES 

Establishment of Ependymal, ManUe, and Marginal Layers The 
ectoderm of the open neural groove is at first but a single Ia>er of cells in 
thickness (Fig 195, A) These original cclU proliferate rapidly and by the 

(Fig 195, B) f^he individual cells, meanwhile, have lost their originally clear- 
cut outlines and become merged into a syncytium, bounded toward the lumen 
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constituting the common motor paths traversing tlic brain and the spinal 
cord to any parts of the action system (Arc 7 of Tig 194 shows the most 
direct motor path of this tj'pc, the pyramidal tract ) 

SUMMARY 

In preparation for considering the development of the nervous system, 
an attempt has been made to explain some of tlic fundamental activities 
earned out m its various parts By way of summary we may now briefly 
characterize the major regions m terms of their functions We should think of 
the spinal coid and a considerable part of the brain-stem'* as having a dual 
role These parts of the nervous system act as reflex centers and also aflbrd 
conduction pathways to and from the higher brain centers The specialized 
regions developed in the dorsal walls of the mesencephalon (corpora ejuadn 
gemma, Fig 207) arc concerned vvitli visual and auditory reflexes Of these 
two pairs of local elevations, the more cephalic (superior colliculi) arc visual 
reflex centers, and the more caudal (inferior colliculi) are auditory reflex 
centers Functionally, tlic cerebellum is a center co-ordinating muscular 
reactions, especially those concerned with the maintenance of normal posture 
The dorsal thalamus, situated in tlic lateral walls of the dicnccphalon, serv'es 
as a gateway for impulses passing to the ccrcbnl cortex In the deeper part of 
each cerebral hemisphere is the corpus striatum, which, ns we have just seen, 
IS concerned with tlic regulation of muscle tonus and with the execution of 
automatic associated movements The more superficial portions of the cere- 
bral hemispheres become specialized as the cerebral cortex Certain cortical 
areas arc the highest terminal centers of reception for various types of incom- 
ing sensory impulses, such as those resulting from visual, tactile, or proprio- 
ceptive stimulation Other cortical centers contain the cell bodies of neurons 
which are the first units m eflerent chains Important among such efferent 
paths are the pyramidal tracts (7c) which place the effector mechanisms of 
the body under the control of the will In addition to such afferent and effer- 
ent cortical areas, there are large regions interconnected with them which 
have associative functions The interplay of these cortical areas permits a 
choice of response to present stimulation vvhich may be modified by the 
memory of past experience 

From the standpoint of the experimental biologist, the working out of the 
neuron arcs which provide the mechanisms controlling different functional 
activities IS a subject of great inherent interest As our knowledge of this field 
has grown it has been of increasing importance m clinical medicine The posi- 
tion of motor and sensory centers, and of the fiber tracts which connect them, 
are now sufficiently well known so that the location of many brain lesions 
be determined accurately by the fuactions affected Not all brain lesions, 
however, make themselves evident by specific motor or sensory disturbances 
For example, some recent work seems to mdicate that when certain associa- 

* Bram stem as usually employed is a convement term for designating those portions of the bram 
other than the telencephalon, diencephalon and ccrebcUum 
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entiation Its cells continue to divide rapidly and undergo divergent specializa- 
tion (Fig 196) Some of tVicm become spongioblasts nhich are destined to 
form supporting tissue, and some of them differentiate into neuroblasts, which 
will become functionally active nerte cells These two types of cells can first 
be differentiated from each other by the fact that the neuroblasts develop 
large nuclei whereas the nuclei of the spongioblasts remain somewhat smaller 
Neuroglia The formation of supporting tissue from the spongioblasts 
mvoKts the detelopment of e'tceedmgly slender and irregular cytoplasmic 
processes In association with these processes certain tvpcs of neuroglial cells 


Neural Crest 


Neural 

Tube 



Primihve Bipolar 
Neuroblasf 


Unipolar Sensory^tf^ Cell 


Migratory Neuroblasls 

Mulupolar"^^^ 

Neuroblasls of ' 

Cord 4 Brain 





ngioblas. V\ 


Assooalion Neurones 


Visceral 
Efferenl Neurone 
of Sympethehc 
Ganglion 




Ependymal Cell 



^ndymat Proloplaemic 
Spongioblast 

yros- — I — I 


Oligo^endro^liol 


e^CeU ^ 
from ‘ 
Venlral Horn 
ofSpinal Cord 


IiG 196 Schematic diagram illustrating some of the types of neive cells 
Tnd neuroglial cells derued Irom the primitive cells of the neural crest and the 
walls of the neural tube ’ 


form fibers Some of these fibers mat evcntuallj lose their association with the 
parent cells but the majority of them retain some conncrtion with the cells 
from which thev were dented In this respect as well as in its ectodermal 
origin, neuroglia, as this peculiar conncclite tissue of the central nervous 
system IS called, differs from the other connective tissuesofthe body Thefibers 
and processes formed from the spongioblasts are so delicate that they arc 
exccedmgly difficult to demonstrate in material stained by routine histological 
methods But tvhen they are subjected to mctalhc impregnation (eg. the 
Golgi silver nitrate method) the >gl.a cell processes and fibers appear as 
blackened strands fornung an elaborate tracery of supporting eLenls 
throughout the subslanee of the centra! nervous system (Fig f97y 

All neuroglial cells exhibit processes of one sort or anoth« and all of them 
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of tlip ncur.il liil>r Ijy .\n intcrini limiting membrane, and peripherally by an 
rMrrinl limiting mcnibrant (I ig 195, C) 

( rrt.iin crili l)ing near tfic lumen of the neural tube continue conspicu- 
ouil\ .tetnt in iiiitoo^ 7 lu > arc called germinal cells (Fig 195^ C) Mostof 
the neu icIN formed from the gcnninal cells arc crowded somewhat away 
from tlic intern tl limiting membrane into a zone m the cord which becomes 
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Fig 195 Stages in histogenesis of spinal cord (After Hardesty, 
Amer Jour Anat , Vol 3, 1904 ) A, From open neural plate of 
rabbit embryo B, From wall of recently closed neural tube, 5-mm 
pig embryo C, From neural tube of 7-mm pig D From neural 
tube of 10-mm pig (All drawings X 550 ) 


densely packed with nuclei This zone is called the mantle layer (Fig 195, D) 
The cells which remain nearest to the internal limiting membrane become 
more or less elongated ard radially arranged about the lumen of the neural 
tube They constitute a zorc within the mantle layer known as the ependymal 
layer Outside the mantle layer is a peripheral region into which practically 
no nuclei enter This is the marginal layer (Figs 195, D, 198, A) 

Spongioblasts and Neuroblasts Of the three primary Jayers m the 
developing spinal cord, the mantle layer is the first to show striking differ- 
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entiation Its cells continue to divide rapidly and undergo divergent specializa- 
tion (Fig 196) Some of them become spongioblasts uhich are destined to 
form supporting tissue, and some of them differentiate into neuroblasts, which 
Will become functional!) active nene cells These two t)pes of tells can first 
be differentiated from each other b) the fact that the neuroblasts develop 
large nuclei w hereas the nuclei of the spongioblasts remain somewhat smaller 
Neuroglia The formation of supporting tissue from the spongioblasts 
involves the development of cxceedingl) slender and irregular cytoplasmic 
processes In association with these processes certain tv'pes of neuroglial cells 
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Ro 196 Schomatio diagram illustrating some of the l>pes of nerve cells 
and neuroglial cells derived from the pr.m.t.ve cells of the neural crest, and Ac 
ualis of the neural tube ’ “ 


form fibers borne of these fibers may eventually lose fhetr assoetatton with the 
parent cells but the majority of them retain some connection ntth the cells 
from which thev were derived In thts respect as well as tn its ectoderma 
origin, neuroglia, as this peculiar connective tissue of the central uer™ 
sy stem is called differs from the other connective tissues of the bod. The Xr 
ind processes formed fiom the spontrioblasts ire cr, rt i 

exceedingly difficult to demonstrate m®ma.™alZned b^^^ h 

methods But when they are subjected Tmcrnll e l ' routine histological 
Golgi silver mtratc method) the Vha Jdl nro “"P^Snat.on (eg, the 
blackened strands forming an elalwrate 1 

throughout the substance of the central ntrv supporting elements 

All neuroglial cells «h.b. t pro^';;"r”>^‘'” '97) 

p cesses ol one sort or another and all of them 
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of the neural tube by an internal limiting membrane, and peripherally by an 
external limiting membrane (Fig 195, C) 

Certain cells lying near the lumen of the neural tube continue conspicu- 
ously active in mitosis They arc called germinal cells (Fig 195, C) Most of 
the new cells formed from the germinal cells arc crowded somewhat away 
from the internal limiting membrane into a zone m the cord which becomes 
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Fig 195 Stages in histogenesis of spinal cord (After Hardesty, 
Amer Jour Anat , Vol 3, 1904) A, From open neural plate of 
rabbit embryo B, From wall of recently closed neural tube, 5 mm 
pig embryo C, From neural tube of 7-inm pig D From neural 
tube of 10 mm pig (All drawings X 550 ) 


densely packed with nuclei This zone is called the mantle layer (Fig 195, D) 
The cells which remain nearest to the internal limiting membrane become 
more or less elongated ard radially arranged about the lumen of the neural 
tube They constitute a /.ore within the mantle lay er known as the ependymal 
laver Outside the mantle layer is a peripheral region into which practically 
no nuclei enter This is the marginal layer (Figs 195, D, 198, A) 

Spongioblasts and Neuroblasts Of the three primary Jayers m the 
developing spinal cord, the mantle layer is the first to show striking differ- 
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ennauon Its cells contmue to d.v.de rapidly and undergo divergent spec.al.za- 
tion (Fig 196) Some of them become spongioblasts ivhich arc destined 
form supporting tissue, and some of them differentiate into neurob lasts, which 
will became fuLtionallv active nerve cells These two types of cells can first 
be differentiated from each other by the fact that the neuroblasts dev e op 
large nuclei whereas the nuclei of the spongioblasts remain somewhat smaller 
Neuroglia The formation of supporting tissue from the spongioblasts 
involves the development of exceedingly slender and irregular cytoplasmic 
processes In association with these processes certain types of neuroglial cells 
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Tio 196 Schematic diagram illustrating some of the types of nerve cells 
and neuroglial cells derived from the primitive ceils of the neural crest, and the 
walls of the neural tube 


form fibers Some of these fibers ma> eventually lose their association with the 
parent cells but the majority of them retain some connection with the cells 
from which they were derived In this respect as well as m its ectodermal 
origin, neuroglia, as this peculiar connective tissue of the central nervous 
s> stem IS called, differs from the other connective tissues of the body The fibers 
and processes formed from the spongioblasts are so delicate that they are 
exceedingly difficult to demonstrate in material stained by routine histological 
methods But when they arc subjected to metallic impregnation (eg, the 
Golgi silver nitrate method) the ’gha cell processes and fibers appear as 
blackened strands forming an elaborate tracery of supporting elements 
throughout the substance of the central nervous system (Fig 197) 

All neuroglial cells exhibit processes of one sort or another and all of them 
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arc supporting in function, but the cells diflcr much among themselves as to 
shape and character of processes For convenience in description they arc 
commonly designated as belonging to one of the following four types epen- 
dymal cells, protoplasmic astrocytes, fibrous astrocytes, ohgodcndroglial cells 
The ependymal cells arc the first of the neuroglial elements to dificrcntiatc 
into their characteristic form They arise from spongioblasts which remain 
close to the internal limiting membrane but send out long processes all the 
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Fig 197 Four stages m development of neuroglia as seen m silver impreg- 
nated material which brings out the fibers and slender cell processes (A-G, 
After Cajal, D, after Hardesty ) A, Cord of chick embiyo of the third day 
B, Cord of chick embry o of the fifth day C, Cord of human embryo of 44 mm — 
note plexiform arrangement of fibers (PI ) at transition from mantle to marginal 
layer D, Cord of 70-mm pig embryo E, Sketch sho^vmg location of section 
represented m D 

way to the external limiting membrane (Fig 197) The end of the ependymal 
cell which abuts on the central canal becomes ciliated in the embryo In 
more advanced fetuses most of the cilia are lost but ciliated patches may 
occasionally persist in the adult The peripheral processes of the ependymal 
cells for the most part lose their connection with the external limiting mem- 
brane The ependymal cells themselves retam their original position bordering 
the central canal of the cord and the ventricles of tht brain 

Both types of astrocytes arise from spongioblasts m the mande layer and 
gradually assume the characteristics suggested by their names They begin to 
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differentiate somewhat later than the ependymal cells, first becoming recog- 
nizable in embryos of about three months (Pcnfield, 1932) In favorabh 
stained material the fibers in some of the astrocyte processes begin to appear 
during the fourth month, but neither the fibrous nor the protoplasmic astro- 
cytes have attained their full histological differentiation by the time of birth 

The protoplasmic astrocytes tend to be located in the gray areas of the central 
nervous system in association with the cell bodies and dendritic processes of 
nerve cells 

The fibrous astrocytes move farther peripherally in the cord and congregate 
along the developing fiber tracts which constitute the white matter Both 
types of astrocytes develop platelike terminal enlargements on some of their 
processes These so-called “terminal feet” become intimately related to the 
investing membranes of the brain and cord, and participate in the formation 
of secondary investing membranes about the smaller blood vessels within the 
substance of the central nervous sy'stem The relations of the terminal feet to 
the meninges are more primitive and appear earlier m dev'elopment, their 
relations to blood vessels develop rclatwely late, not being well established 
until about the time of birth 

Oligodendrogltal cells become recognizable developmentally later than the 
astrocytes, but before the microglia They appear as satellites around the cell 
bodies of neurons and arc scattered along the myelinated nerve tracts of the 
white matter of the central nervous system Their rapid increase m numbers, 
beginning in the final months of mtra-utenne life and extending through the 
first year or two after birth, is associated by many observers with the rapid 
myelination of the fiber tracts of the central nervous system which is occurring 
at this time 


In addition to the four ty'pes of neuroglial cells just discussed there is 
another type of supporting element known as a microglial cell By some 
workers microglial cells are regarded as being of ectodermal origin and conse- 
quently as belonging with the other neuroglial ty’pes Other authorities 
believe these cells to be of mesodermal origin and to have wandered into the 
nervous tissues secondarily from the meninges and from the connective tissue 


accompanying blood vessels People holding this latter view would group the 
microglial cells with the ordinary connective tissues rather than with neurog- 
lia Because of this uncertainty as to their origin this cell type was not included 
in Fig 196 which covers the cells known with certainty to be of ectodermal 
derivation In dev elopment, microglial cells arc relativ ely late m making their 
appearance They first become recognizable m the last trimester of intra- 
uterine life through the appearance of an argentophil reaction in their cyto- 
plasm At this stage they arc somewhat spindle-shaped Later their charac 
teristics change and they become ameboid and w ander throughout the central 
nervous systern When they have arrived at their destination they lose their 
ameboid proclivities and again change their appearance In this final con- 
t J “ branch^g processes. ladmtmg from a smaJl elongated cell 

bod, Under certain pathological conditions they may resume their ameboid 



328 


DrVELOPMENT OF TIIE NERVOUS SYSTEM 


arc supporting in function, but the cells differ much among themselves as to 
shape and character of processes For convenience in description they are 
commonly designated as belonging to one of the following four ty'pes epen- 
dymal cells, protoplasmic astrocytes, fibrous astrocytes, ohgodcndroglial cells 
The ependymal cells are the first of the neuroglial elements to dilTcrcntiatc 
into their characteristic form They arise from spongioblasts which remain 
close to tlic internal limiting membrane but send out Jong processes alJ the 



Fig 197 Four stages in development of neuroglia as seen in silver-impreg- 
nated material which brings out the fibers and slender cell processes (A-C, 
After Cajal, D, after Hardest) ) A, Cord of chick embryo of the third da> 

B, Cord of chick embryo of the fifth day C, Cord of human embryo of 44 mm — 
note plexiform arrangement of fibers (PJ ) at transition from mantle to marginal 
layer D, Cord of 70 mm pig embryo E, Sketch showing location of section 
represented m D 

way to the external limiting membrane (Fig 197) The end of the ependymal 
cell which abuts on the central canal becomes ciliated in the embryo In 
more advanced fetuses most of the cilia are lost but ciliated patches may 
occasionally persist in the adult The peripheral processes of the ependymal 
cells for the most part lose their connection with the external limitmg mem- 
brane The ependymal cells themselves retain their original position bordering 
the central canal of the cord and the wntricles of th4 brain 

Both types of astrocytes arise from spongioblasts m the mantle layer and 
gradually assume the characteristics suggested by their names They begin to 
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Fig 199 Reconstruction {X 15) of the nep.ous system of a 10-mm human embryo 
(After Streeter, Am J Anat , Vol 8, 1908 ) 

Abbreviations Br Fr , frontal branch of opthalmic division of trigemmil nerve, 
Br Na -c , naso-cihary branch of ophthalmic division of trigeminal nerve, Ch tymp , 
chorda tympani branch of facial nerve, Co 1, ganglion of first coccygeal nerve, Gn , 
ganglion, L 1, ganglion of first lumbar nerve, N, nerve, S 1, ganglion of first 
sacral nerve 
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shape and activitiLS, at the same lime becoming pliagocylic and increasing 
in size 

Growth and Migration of Neuroblasts and Formation of Spinal Nerves 
Preparations of the spinal cord and dorsal root ganglia made by the routine 
liistologicai methods do not show the neuroblasts to advantage (Fig 198, A) 
If, however, a special technic such as intravitam staining by methylene blue, 
or one of the metallic impregnation methods, is used, the slender processes 




Fie 198 The finer structure of the ^\aIl of the neural tube in young embryos 
A, Neural tube of 9 mm pig cmbr>o, stained vvilh hematoxylin and eosin to 
show general arrangement of cells at an early stage in difTcrcntiation of 
ependymal, mantle, and marginal layers (After Hardesty ) B, Neural tube of a 
10 mm pig embryo treated bv a silver-impregnation technic to bring out the 
processes of the developing neuroblasts (After Held ) Note manner m which 
dorsal root of spinal nen/c is formed from processes arising from neuroblasts in 
dorsal ganglion, hile ventral root is composed of fibers arising from neuroblasts 
m the Cord 


of the neuroblasts can readily be seen (Fig 198, B) With the development of 
these characteristic nerve fibers we can think of the neuroblasts as having 
become young neurons 

Processes growing out from developing neurons lying m the ventrolateral 
portions of the mantle layer of the cord establish the leniral roots of the spinal 
nerves (Figs 194, 198, B, 200, 201) Neuroblasts m the dorsal root ganglia 
send to the cord afferent processes which collectively constitute the dorsal 
roots of the spmal nerves (Fig 198, B) At the same time other processes grow 
peripherally from the cells of the dorsal itxit ganglia and ultimately end in 
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Fig 200 Schematic diagram indicating the various connections made by 
the neurons which develop m a typical spinal nerve (Modified from Froriep ) 

Ahtrmat am Cn ganglion m/f mesonephros r»««rf< Sj On preverlebral lympathetie ganglion ramus comm 
ramus commonicana . . . . j j- tu <• 

The neurologist classifies the fibers in a spnal nerve areordiog to these reUlions and functions The Components of 
a typical spinal nerve on this basis are 
I ArfElitNT 

A Omral Somalic Affrrcnl 

(t) Exteroceptive i e fibers conducliog impulses from the external surface of the body such as touch 

f ain temperature (Represented in Tig 200 by short brolten lines ) 
ropnoceplive i e fibers carrying impulses of position sense from joints tendons and muscles 
(Represented in fig 194 4ai) 

B Cnctal I tx ral A/erent 

Fibers Ironi viscera (interoceptive; by way of U>aia ganglion while ramus communicans and dorsal 
root cell bodies ui dorsal root gangbcm no synapse bmore reaching cord (Illustrated in Fig 200 by the 
dotted line ) 

II Efsexent 

A Central Somatic Ef treat 

Xloior neurons to skeletal muscle cell bodies la ventral columns of gray matter fibers emerge by ventral 
roots (Illuitraied in Fig 200 by sobd hoes ) 

B Gtrtefai I tsctral Efferent 

Twe^neuron chains from cord lo glands and W smooth muscle of viscera and blood vessels The first 
neurons (preganglionic) have tbeir celb of origin in lateral column of gray matter of cord from first 
thoracic to third lumbar level. Fibers leave cord by ventral root turn off in white ramus communicans 
to end in synapse wiih the second neurons ^lostgSDgbomc} of the two-neuron chain Some pottcaneliotiK: 
neurons with their cell bodies m chain gasigbon send their fibers back by way of a gray ramus com 
mum ans into a penpheral nerve lo lonervale cuuneous glands and blood vesseU of ihe body walU 
Other pwiganghomc neurons vsiih «» bodies either w chain ganglion or collateral ganglia innervate 
the i^th tnuKle glands and vwls of the viscera (Three of auch two-neuroo chains are illustrated m 
Fig 200 the fiben being ihoWQ by taterTuptedbnes) 
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connection with various types of receptors (Figs 194, 200) These ncuroblasts 
of the dorsal root ganglia arc at first bipolar, that is to say they arc spindle- 
shaped with a process arising from either end (Fig 1 98, B) As they dificrenti- 
ate, the cell body draws to one side and the two processes come olT together — 
in other \sords, the cell becomes secondarily unipolar (Fig 196) 

Neuroblasts which ha\c migrated from the neural crest, and probably 
also from the spinal cord, form sytnpatfuhc ganglia TIic most prominent of such 
ganglia, often called chain ganglia because of the way they arc situated at 
intervals along the paired prcvcrtcbral sympathetic ncr\c cords, he on either 
side of the vertebral column along the dorsal body-wall The neuroblasts of 
the syTnpathctic chain ganglia develop into neurons which act as the second 
elements in two-neuron efferent arcs connecting the spinal cord with in- 
voluntary muscle and glands 

The first neuron in an arc of this kind is dcriv cd from a ncuroblast situated 
m the lateral horn of the gray matter of the cord (Fig 201, D) As the periph- 
eral processes (axons) of such neurons develop, they extend distally by way 
of the ventral roots of the dev eloping spinal nerves Bey ond the point at which 
the dorsal and the ventral roots jom to form the spinal nerv c trunk, the proc- 
esses of such cells turn ventrad to enter the concurrently developing chain 
ganglion These processes leave the spina! nerves to reach a chain ganglion 
by way of a branch known as a Tamus commumcans (Fig 200) \Vhcn these 
fibers acquire medullary sheaths they become wlutish and constitute the 
while ramus commumcans of adult terminology Some of the fibers end m a 
synapse m the ganglion they enter, whereas others pass through this ganglion 
without synapse and thence along the sympathetic nerve cord to symapse in 
another ganglion in the chain 

From certain neurons m the chain ganglia, fibers turn back in a ramus 
commumcans In the adult these recurrent fibers for the most part remain 
unmedullated and because of the resultant grayish color of the bundle are 
said to constitute the gray ramus commumcans The fibers from the gray ramus 
enter the peripheral nerve branches and ultimately reach such effectors as 
sweat glands, the smooth muscle attached to hair follicles, and smooth muscle 
in the walls of superficial blood vessels (Fig 200) 

In addition to the chain ganglia there are other aggregations of sympa- 
thetic neurons established by the more extended migration of cells similar to 
those constituting the chain ganglia Outlying neuron a^regations of this 
type are known as coUaleral ganglia (e g , celiac, superior mesenteric) In 
origin and general course the fibers reaching them from the central nervous 
system are similar to those going to the chain ganglia If they are destmed to 
reach a collateral ganglion, however, they pass through the chain ganglion 
without synapse (Fig 200), coming mto synaptic relations m the collateral 
ganglion with the second neuron of the efferent chain 

The chain ganglia, the collateral ganglia, and the fibers arising from them 
constitute the thoracolumbar or sympathetic diitston of the autonomic nerious 
system The autonomic system has also a para^pathetic or craniosacral division 
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Fig 200 Schematic diagram indicating the vanous connections made b> 
the neurons tshich develop m a typical spinal ner\e (ModiRed from Froriep ) 
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iinal nerve according to their relations and functions The components of 
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The neurologist classifies the fibers in a spinal nerve ac 
;al spinal nerve on this basis are 

A Crri/f I SomaUe Afftftnt 

(1) Exteroceptive i < fibers conducting impulses from the external surface of the body such as touch 
pain temperature (Represented in Tig 200 by short brolcen lines) 

(2) Propnoceptive i e fib^ carrying impulses of ponuoa sense from loints tendons and muscles 
(Represented in Fig 194 4a«) 

B CmtTal J uc€tqI Afftrtni 

Fibers from viscera (interoceptive) by way of chain gai^lion while ramus communicans and dorsal 
root cell bodies in dorsal root ganglion no synapse before reaching cord (Illustrated in Fig 200 by the 
dotted line ) 

II ErrCRtNT 

A Gfneral Somatic E^crent 

Motor neurons to skeleul muscle cell bodses in ventral columns of gray matter fibers emerge by ventral 


B Cr 


(Illustrated in Fig 200 by solid line 
■iscicalEScrcnt 

Two-neuron chains from cord to glands and to smooth muscle of viKera and blood vesseb The first 
(preganglionic) have their cells of ongm in lateral column of gray matter of cord from first 
.i-.-j 1 ..— w-t Fibers leave cord by ventral rr - 


hird lumbar level. Fibers leavte cord by ventral root him of? in^ . 

1 end m synapse with the second neurons (postganghomc) of the two-neuron chain Some postganglionic 
ih„ cell bodies in chain ga^lion send th«r fibers back by way of a gray r; 


a peripheral nerve to innervate cutaneous glands and blood vessels of the body wall 
Other postganglionic neurom wiih cell bodies cither tn chain ganglion or collateral ganglia innervate 
the smooth muscle glands and vesseb of the viscera (Thiee of such two-neuron chains are illustrated in 
Fig 200 the fibers being shown by tnterrupted Una) 
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which can best be discussed after the cranial ncr\cs have been considered 
The autonomic system as a whole is concerned with the innervation of in 
voluntary muscle and of glands, both within the body cavities and in the 
superficial parts of the l)ody 

From the fortgoing discussion it is apparent (h it the typical spinal nerve 
has m It fibers carrying out a variety of functions Some of these fibers bring 
in sensory impulses sucli as those initiated m the end-organs of pain, touch, 
and temperature in the body surfaces, and proprioceptive impulses from 
tendons and from skeletal muscle These arc designated as general somatic 



layers of embryonic neural tube 

afferent fibers Other afferent neurons {general iisceral afferent) receive sensory 
impulses from the viscera The cell bodies of both somatic and visceral afferent 
neurons he m the dorsal root ganglia of spinal nerves Still other neurons in 
the spinal nerves are efferent m character These efferent neurons may be 
grouped into two categories One of the categories is made up of neurons 
having their cell bodies m the ventral horn of the gray matter of the spinal 
cord and sending their axons to skeletal muscle These are the general somatic 
efferent neurons The second category of efferent neurons is composed of the 
elements of the two-neuron chains to smooth muscle and glands These are 
known as general visceral efferent neurons Neuroanatomists speak of such neurons 
conducting different types of impulses as the Junctional components of a spinal 
nerve Fig 200 illustrates schematically the major components of a typical 
spinal nerve In the legend of this figure is a more detailed analysis and 
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classification of the components which ma> be studied now by those interested, 
or may be returned to m connection with the study of neuroanatomy 

Formation of Sheaths about Nerve Fibers So far we hav e discussed only 
the development and the connections of the neuron processes As they attain 
functional maturity many of these processes acquire sheaths that arc related 
to them much as arc the insulating sheaths about the wires m a telephone 
cable These sheaths fall into two general types, cellular sheaths and myelin 
sheaths 

The cellular sheaths are somewhat different m the central and in the 
peripheral nervous systems In the central nervous system we have seen that 
one of the ty'pes of neuroglia, namely the ohgodendroglial cell, vv as intimately 
associated with the fibers of nerve tracts Because of this relationship the oligo- 
dendroghal cells arc regarded by many workers as constituting a cellular 
sheath about the fibers which plays a part in their myelination In the periph- 
eral nerves the cellular sheaths are much more definite Cells of ectodermal 
origin migrate along the developing nerve fibers and eventually form a thin 
cellular investment about them This sheath is known as the neurilemma sheath, 
or the gra} sheath of Schwann All peripheral nerve fibers are inclosed in this 
neurilemma sheath In ganglia, both spinal and symipathctic, the neurilemma 
sheaths investing the neuron processes are continued m the form of cellular 
sheaths about the cell bodies Thus, immediately surrounding itself, each 
ganglion cell has a capsule of so-called satellite cells of ectodermal origin 
The ganglion cells and their processes, together with their cellular sheaths, 
arc supported in a framework of typical fibrous connective tissue of meso- 
dermal origin Peripherally this connective tissue is concentrated to form the 
capsule of the ganglion At the points w here the nerv e bundles enter or leave, 
the connective tissue constituting the stroma of the ganglion is continuous with 
the connective-tissue sheaths which surround the nerve fibers and hold them 
together m the bundles (funiculi) which constitute the nerve trunk 


Another type of investment of nerve fibers is the so-called myelin sheath 
Fibers covered by this sheath arc said to be myelinated, or medullated They 
exhibit a glistening white appearance which is imparted to them by the high 
refractive index of the characteristic fatty substance (myelin) which the sheath 
contains in abundance This myelin sheath, if present, is outside the nerve 


fiber but within the cellular sheath It should perhaps be emphasized that 
the formation of a myelin sheath is not peculiar to either the central or the 
peripheral nervous system Many fibers in each are medullated, but although, 
they are less conspicuous there are also many nonmedullated fibers both m 
the peripheral nerve trunks and within the bram and the cord 

The fibers which grow out from the neuroblasts in the dorsal root ganglia 
and in the cord to establish the peripheral nerves are accompanied by cells 
of ectodermal origin which migrate along wtth them Gradually these accom- 
panying cells spread along the growmg nerve fibers and, as we have seen 
invest them progressively more completely to form the neuv, lemma sheath’ 
In the later phases of the aequis.t.on of then cellular sheaths some of the nerve 
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fibers show indications of the beginning of a myelin sheath At intervals along 
the fiber, bcDvccn it and the sheath cells, small local accumulations of myelin 
appear Starting first beneath the sheath cell nucleus, the accumulation of 
mychn spreads m both directions until it meets a similar accumulation occur- 
ring m relation to an adjacent slicath eel! Where these local stretches of 
myehn formation encounter each other there remains an mtcmiption m the 
continuity of the sheath known as a node (of Ranvicr) 

In general, the spread of the process starts near the cell body of a neuron 
and extends thence peripherally The process of myclination as described 
above IS based on studies of peripheral ncrv’cs Fibers svithin the central 
nervous system lack neurilemma sheaths Many of them arc, nevertheless, 
myelinated Although the myclination of such fibers is not so \Vcll understood, 
it seems probable that the oligodcndroglial cells play i r61e comparable to 
that carried out by the neurilemma cells in the myclination of penpheral 
nerv cs 

Later Changes in Extent and Relations of Spinal Cord During the 
period of development when the neurons arc being differentiated and acquir- 
ing their sheaths, the spinal cord undergoes marked changes in its relations 
within the body In young embryos the neural tube extends the entire length 
of the body and into the tad (Figs 67, 68) As the spinal column is formed, the 
growth of the neural arches encloses the spinal cord m the so-called neural 
canal (Figs 157-159) Up to about three months the neural canal and the 
spinal cord arc co-cxtensivc and thcscgmcntally arranged nerv’cs pass outward 
through intervertebral spaces directly opposite their point of origin After 
this period, di/Terentjal growth is such that nciilicr the vertebral column nor 
the neural tube keeps pace with the expansion of the posterior part of the body 
(Fig 202) and the spinal cord lags much farther behind than does the verte- 
bral column Since the cephalic part of the central nervous system is firmly 
fixed within the developing cranium, the efTect of this differential growth 
makes it seem as if the cord were pulled cephalad through the neural canal 
Because the nerves are already established before these changes in relations 
occur, they appear to be dragged out caudally from the cord and to pass 
back through the neural canal until they arrive at the intervertebral space 
which was originally opposite their point of origin Naturally, since it is the 
cephalic parts of two systems which are fixed with reference to each other, 
the extent of displacement is progressively greater m the more caudal regions 
In a fetus at term the spinal cord ends at about the level of the tliird lumbar 
vertebra, except for a small .vestigial strand (filum terminale) which represents 
the regressing terminal portion of the primitive neural tube (Fig 202, D) 
Postnatally, this differential growth contmues until in an adult the end of the 
cord usually hes near the level of the first lumbar vertebra Thus the sacral 
and coccy geal nerves emerging from the cord course almost directly downward 
for a considerable distance The group of nerves thus pulled out in the lower 
portion of the spinal canal constitutes the cauda equina, so called because of 
Its fancied resemblance to a horse’s tad 
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Fig 202 Diagrams showing changes in relations of caudal end of spinal 
column and spinal cord due to differential growth A-D, Relations of the first 
sacral nerve and ganglion at different ages used as an indicator of the changing 
position of the spinal cord within the spinal canal (After Streeter, Am J Anat , 
Vol 25 1919 ) E, F, Silhouettes of embryos of (E) ten weeks and (F) at term 
showing the shift cephalad of caudal part of spinal column (Redrawn, with 
some modification, after Schultz) 


constitute the cervical enlargement of the cord associated w ith the innervation 
of the upper extremities, and the lumbosacral enlargement associated with the 
innervation of the lower extremities 

Development of the Gray and White Matter of the Ckird While these 
changes in the gross appearance and relations of the cord have been taking 
place, there base been striking changes in its internal structure Some of the 
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fibers show indications of the beginning of a mychn sheath At intervals along 
the fiber, between it and the sheath cells, small local accumulations of myelm 
appear Starting first beneath the sheath cell nucleus, the accumulation of 
myelin spreads in both directions until it meets a similar accumulation occur- 
ring m relation to an adjacent sheath cell Where these local stretches of 
mychn formation encounter each other there remains an interruption in the 
continuity of the sheath known as a node (of Ranvicr) 

In general, the spread of the process starts near the cell body of a neuron 
and extends thence peripherally The process of myelination as described 
above IS based on studies of peripheral nerves Fibers within the central 
nervous system lack neurilemma sheaths Many of them arc, ncscrthclcss, 
myelinated Although the mychnation of such fibers is not so well understood, 
It seems probable that the ohgodcndroglial cells play a r6Ic comparable to 
that carried out by the neurilemma cells m the myelination of peripheral 
nerves 

Later Changes in Extent and Relations of Spinal Cord During the 
period of development when llic neurons arc being differentiated and acquir- 
ing their sheaths, the spinal cord undergoes marked changes m its relations 
within the body In young embryos the neural tube extends the entire length 
of the body and into ilic tail (Figs 67, 68) As the spina! column is formed, the 
growth of the neural arches encloses the spinal cord in the so-called neural 
canal (Figs 157-159) Up to about three months tlic neural canal and the 
spinal cord arc co-extcnsivc and the scgmcntally arranged nerves pass outward 
through intervertebral spaces directly opposite their point of origin After 
this period, differential grow th is such that neither the \ cricbral column nor 
the neural tube keeps pace with the expansion of the posterior part of the body 
(Fig 202) and the spinal cord lags much farther behind than does the verte- 
bral column Since the cephalic part of the central nervous system is firmly 
fixed within the developing cranium, the cfiect of this differential growth 
makes it seem as if the cord were pulled ccphalad through the neural canal 
Because the nerves are already establislied before these changes in relations 
occur, they appear to be dragged out caudally from the cord and to pass 
back through the neural canal until they arrive at the intervertebral space 
which was originally opposite their point of origin Naturally, since it is the 
cephalic parts of two systems which are fixed with reference to each other, 
the extent of displacement is progressively greater m the more caudal regions 
In a fetus at term the spinal cord ends at about the level of the third lumbar 
vertebra, except for a small > estigial strand (filum terminale) w hich represents 
the regressing terminal portion of the primitive neural tube (Fig 202, D) 
Postnatally, this differential growth contmues until m an adult the end of the 
cord usually hes near the level of the first lumbar vertebra Thus the sacral 
and coccygeal nerves emerguig from the coixl course almost directly dowmvard 
for a considerable distance The group of nerves thus pulled out in the lower 
portion of the spinal canal constitutes the cauda equina, so called because of 
Its fancied resemblance to a horse’s tail 
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nerves and m the ventral commissure of the cord at about the end of the 
fourth or the beginning of the fifth fUal month Myelination of the various 
tracts within the central nervous system tends to foUoAv the sequence m which 
the tracts developed m phylogeny Intcrestmglv enough, this same sequence 
IS folloived fairly closely by the order m which the various tracts become 
functionally active in ontogeny For example, one of the most primitive dis- 
charge paths IS the vestibulospinal tract This shows myehnation by the sixth 
fetal month Another discharge path, less ancient phylogeneticall^ but stiU 
premammahan, is the rubrospinal tract which does not show myelination until 
a month or more later Finally, there is the corticospinal tract which does not 
appear m evolution until the mammalian level, and in man’s individual 
development does not begin to myelinate to any extent until after birth The 
period of its most rapid myelination (the latter part of the first and the carls 
part of the second postnatal year) is the period in which the infant is acquiring 
progressively more effectise control of its mmcular movements culminating 
in walking 

REGIONAL DIFFERENTIATION OF THE BRAIN 
Ihe same five divisions which were established in embryos of bix weeks 
(11-13 mm) remain as the major regions of the adult brain During their 
later development they become greatly altered in appearance and certain 
parts of them receive new names, but their fundamental relations persist 
The details of all the structural specializations which appear in the various 
regions of the brain constitute too complex a story to be handled satisfactorily 
in brief compass, for any attempt to present them in limited space is almost 
certain to resolve itself into a mere categorical recital of technic^ terms which 
at best is dull, and is all too likely to prove meaningless Accordingly, we shall 
confine ourselves to becoming acquainted with the main morphological land- 
marks and the locations of the principal functional centers of the bram, the 
bare foundation on which subsequent work may build a fuller knowledge of 
this interesting system 


THE MYELENCLPHALON 

The myelenccphalon of the embryo (Fig 203) becomes the medulla 
oblongata of the adult bram (Pigs 206-208) Very early in development the 
lumen of this part of the neural tube becomes dilated, foreshadoumg its ulti- 
mate fate as the large cavity m the medulla which constitutes the posterior 
part of the fourth untncle (Fig 213) At the same time its roof becomes verv 
thin (Fig 220 C) Small blood vessels develop against this membranous roof 
and push it ahead of them into the lumen of the fourth ventricle The freely 
branching group of vessels thus formed is known as the posterior choroid plexus, 
or the choroid plexus of the fourth ventricle (Figs 67, 207) This vascular 
associated roof of the fourth ventricle 
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neuroblasts in the mantle la>cr of the cord, as we have seen, send out proc 
esses very early in development Others remain undifferentiated and eontinuc 
to proliferate for a time, causing continued growth m the mantle layer As it 
grows in mass the mantle Ia>cr takes on a very characteristic configuration, 
appearing butterfly-shaped in cross-stctions of the cord With this change in 
shape, and with the transformation of its spongioblasts into neuroglia and its 
ncuroblasts into characteristic nerve cells, the mantle layer bccome;> the so 
called '■%ray maHn" of ihe s{mat cord When characteristically established 
(Fig 201, E) the gray matter shows diflcrcntiation into dorsal, ventral, and 
lateral columns (The columns arc often called “horns” because of their con- 
figuration m transverse sections, but this designation fails to emphasize their 
longitudinal continuity ) The dorsal columns arc associated with the recep- 
tion and relaying of afferent impulses, tlic ventral columns contain the cells 
of origin for motor fibers to skeletal muscle (Figs 194, 200) Both of these 
columns extend throughout the entire length of the cord In the thoracic and 
the first three lumbar segments of the cord a lateral column (horn) is also 
present This lateral column of gray matter ts composed of cells of origin for 
first elements in two-neuron efferent chains (Fig 200) supplying smooth 
muscle and glands (See also the subsequent section, “Autonomic Nerv’ous 
System,” p 378 ) 

During the growth of the mantle layer, the originally extensive lumen of 
the neural tube is reduced to the small central canal characteristic of the 
adult cord By far the greater part of this reduction is effected by the obliiera 
tion of what was the dorsal portion of the original lumen (Fig 201) The cells 
of the ependymal layer now constitute a sort of epithelioid lining of the central 
canal 

Meanwhile, the outer or marginal layer of the cord has been increasing 
extensively m mass Its growth is due to the secondary addition, outside the 
gray matter, of longitudinally disposed neuron processes which constitute the 
conduction paths between the various levels of the spinal cord and the brain 
(Fig 194) When, later in development, such fiber tracts become myelinated, 
they impart to the portions of the cord in which they he a characteristic whitish 
appearance contrasting strongly with the gray color of the richly cellular por- 
tion of the cord deriv ed from the mantle layer For this reason the fibers which 
develop m the marginal layer of the cord are said to constitute its white matter 
The mam groups of these fibers are more or less marked off from each other 
by the dorsal and ventral horns of the gray matter They are known as the 
dorsal, lateral, and ventral white columns (funiculi) of the cord (Fig 201) 
Some of the types of sensory and motor impulses transmitted along the fiber 
tracts in these white columns have already been discussed in the introductory 
section of this chapter, and have been schematically diagrammed m Fig 194 

Age Sequence of Myehnation The manner in which myelm is laid down 
on a nerve fiber has been discussed m a previous section This process begins 
at different times in different parts of the nervous system The earliest mye- 
Iination is usually recognizable m the dorsal and the ventral roots of the spmai 
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Fio 203 Five stages in early development of brain and cranial nerves 
(Adapted from vanous sources, pnmanly figures by Streeter and recons^c- 
tions in the Carnegie CoUecuon ) A, At 20 somites — based on the Da\ is embryo 
— probable fertilization age of three and a half weeks B, At 4 mm , fertilization 
age of about four weeks C, At 8 mm , fertilization age of about five 

weeks D, At X 7 mm .fertilization age of about seven weeks E, At 50 to 60 mm , 
f#*rtilization ace of about 1 1 weeks The cranial nerves shown arc mdicated by 
the appropriate Roman numarals V, trigeminal, VII, facial, VIII, acoustic, 
IX clossopharyngeal, X, vagus, XI, accessory, XII, hypoglossal 

^Ahhrfmattons Ch T , Chorda tympatn branch of seventh nerve, Hy , hyoid 

^TH mandibular arch VMand, mandibular branchoftrigeminalnerve, 

V M^c, maxillary branch, V Oph* , ophthalmic branch 
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the location of the nuclei and the fiber tracts In the brain, as m the cord, 
afferent centers develop dorsal, and efferent centers ventral to the sulcus 
hmitans 

Especially m very ^arly stages of development the myelcncephalon shows, 
in the form of internouromeric constrictions, unmistakable evidences of Us 
fundamental segmental tharacicr These constrictions are most conspicuous 
m parasagittal sections of embnos toward the close of the first, and in the early 
part of the second month of development Their significance m phylogeny 
was mentioned m Chapter 5, their relations to the cranial nerve nuclei will be 
discussed in the section on the cranial nerves in the latter part of this chapter 

The walls of the neural tube in the brain region show the same early 
histological changes which occur in the walls of the spinal cord, with the result- 
ing establishment of ependymal, mantle, and marginal lay ers The ependymal 
layer of the myelcncephalon becomes the epithelioid lining of the fourth 
ventricle The manner in which the tcctal portion of the ependyma becomes 
associated with the choroid plexus has already been pointed out 

In dealing with the spinal cord we traced the wai m ivhich the mantle 
layer gave rise to the columns of its gray matter In the myclencephalon the 
mantle layer starts to differentiate in similar fashion, but local specializations 
modify the pattern and interrupt to some extent the continuity of the columns 
When, m the course of such modification, a portion of the gray matter has 
become more or less circumscribed, it is called a nucleus Except for noting 
thtir derivation from the mantle layer, the myelencephahc nuclei can most 
profitably be considered later, in connection with the cranial nerves 

Concurrently ivith the differentiation of the nuclear (gray) masses, the 
marginal layer also becomes specialized In this process, there is first the 
ingrowth of longitudinally disposed fiber tracts constituting the conduction 
pathways interconnecting the spinal cord and the brain (Iig 194) Ev'ento- 
ally most of these tracts become myelinated thus establishing characteristic 
white matter similar to that m the cord In the myeJencephalon, however, the 
growth and secondary migration of certain nuclear groups produce a con- 
siderable intermingling of gray and white which stands m contrast with the 
sharply marked off peripheral white matter of the cord 


THE MESENCEPHALON 

From the standpoint of phylogeny and ontogeny, the metencephalon 
may be regarded as composed of three parts The primary portion is the foi- 
ward continuation of the medulla which in young embryos was the cephaln 
part of the old rhombencephalon This part eventually constitutes the axial 
portion of the mctencephalon (the so-called tegmentum of the pons) in the 
adult brain Developing from the dorsolateral portions of the rhombencepha- 
lon at this level w a second part of the meiencephalon which is small and mcon- 
picuous m the lowest vertebrates This region i. the cerebellum which 
becomes enlarged and specialized m forms exhibiting complex and highly co- 
ordinated muscular movements It reaches the peak of its development only 
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the location of the nuclei and the fiber tracts In the brain, as in the cord, 
afferent centers detelop dorsal, and efferent centers Nentral to the sulcus 
limitans 

EspeciaUv mver> earl> stages of dc\elopment the m>elencephalon shous, 
m the form of intemeuromeric constrictions, unmistakable evidences of its 
fundamental segmental character These constrictions arc most conspicuous 
m parasagittal sections of embr) os to^^ ard the close of the first and in the earl) 
part of the second month of de\elopment Their significance m ph>logem 
IN as mentioned m Chapter 5 , their relations to the cranial nerv e nuclei w ill be 
discussed m the section on the cranial nerves in the latter part of this chapter 

The Nvalls of the neural tube in the brain region shois tht same tarl> 
histological changes vn hich occur m the w alls of the spmal cord, w ith the result- 
ing establishment of cpcndvTnal, mantle, and marginal la> trs The epend> mal 
laser of the m^elencephalon becomes the epithelioid lining of the fourth 
vtntncle The manner m ishich the tcctal portion of the ependyana becomes 
associated wth the choroid plexus has already been pointed out 

In dealing 'vith the spmal cord vnc traced the way m which the mantle 
laver gave rise to the columns of its gray matter In the mvelencephalon the 
mantle layer starts to differentiate in similar fashion, but local specializations 
modifv the pattern and mterrupi to some extent the continuity of the columns 
When, in the course of such modification, a portion of the gray matter has 
become more or less circumscribed, it is called a nucleus Except for noting 
their derivation from the mantle layer, the myelencephalic nuclei can most 
profiiablv be considered later m connection with the cranial nerves 

Concurrently wuh the differentiation of the nuclear (gray) masses, the 
marginal layer also becomes specialized In this process, there is first the 
ingrowiK of longitudmalK disposed fiber tracts consiimting the conduction 
pathways interconnectmg the spmal cord and the brain (Fig 194) Eventu- 
alh most of these tracts become myclmaied, thus establishing characteristic 
w hue matter similar to that m the cord In the my elencephalon, how c\ er, the 
growth and secondary migration of certain nuclear groups produce a con- 
siderable mtennmgluig of gray and white which stands m contrast with the 
sharplv marked off peripheral white matter of the cord 


THE aMETEXCEPH^LOX 

from the standpomt of phylogem and ontogeny, the metencephalon 
may be regarded as composed of three parts The primary portion is the for- 
ward continuation of the medulla which m voung embryos was the ccphaln 
part of the old rhombencephalon This part eventually constitutes the axial 
portion of the metencephalon (the so-called tegmentum of the pons) m the 
adult bram Det doping from the dorsolateral portions of the rhombencepha- 
lon at this let d IS a second part of the metencephalon ivhich is small and incon 
^icuous in the louest tertebrates Tlus region ,s the cerefaellnm vthich 
Lt^mes enlarged and specaltzed m forms CNh.bitmg complex and highly co- 
erdmated muscnlar motements It reaches the peak of ns deselopment only 





345 


REGIONAL DIFFERENTIATION OF THE BRAIN 

Some of the more important nuclei of this region will be considered m the 
section on cranial ner\es The same longitudinal fiber tracts ivhich, on their 
way to and from higher centers m the brain, traversed the marginal la>er of 
the medulla are continued in comparable positions through the axial portion 
of the metencephalon (Fig 194) These tracts arc supplemented by the addi- 
tion of other fiber bundles which arise m the medulla and pons 

The Cerebellum In order to understand the origin of the cerebellum it 
IS necessary to have clearly in mind certain features of the earl> topograplu 
of the rhombencephalon 1 he manner m which the lateral w alls of the rhom- 
bencephalon spread apart with the resultant stretching out of the roof plate 
has already been discussed in connection with the formation of the choroid 
plexus of the fourth ventricle The zone of abrupt thickening on either side 
where there is a transition from the thin roof to the thick lateral plates is 
known as the rhombic Iip (fig 203, D) In older embiyos the rhombic hp is 
flange-shaped, as seen m cross-sections (Fig 220, E) If this part of the brain 
IS viewed from above, the rhombic lips will be seen flanking the developing 
fourth V entricle In >oung embryos the fourth ventricle is a rather elongated 
space (Fig 213, B, C) IVhen, during the second month, a sharp flexure 
develops m the future pontine region, the rhombic lips are squeezed together 
cephalocaudally and as a result bulge out to either side (Cf C and D, Fig 
203) Ihe outward extensions of the rhomboccle benveen these lips arc 
known as the lateral recesses of the fourth ventricle (Fig 209, B) The part 
of the rhombic hp which is situated cephalic to the lateral recess grows to 
form the flocculo-nodular lobe of the cerebellum (Fig 209, C-F) We shall 
see, when the central connections ol the vestibular apparatus are discussed 
that their assoc latcd nuclei differentiate in large part m that portion of the 
rhombic Up just caudal to the lateral recess Consequently these centers 
develop in close proximit> to the flocculo-nodular lobe with which the> 
become inlimateU interconnected to establish this portion of the brain as a 
major center for equihbratoiy control Ph>logenetically, this flocculo-nodular 
lobe of the cerebellum dates back to the beginning of the vertebrate series 
It IS interesting m this connection to see its earl> establishment m human 
ontogen) 

Cephalic to the part of the cerebellum developing from the rhombic fip 
IS the so-called corpus ccrcbelh This term is used to include all the dev eloping 
cerebellum except the flocculo-nodular lobe from which it is separated b> the 
posterolateral fissure (Fig 209, A, B) The corpus ccrebelli js formed bv 
growth of the alar plates where thev swing toward the mid-Iine rostral to the 
lateral recesses of the fourth ventricle The first expansion of this region takes 
place toward the fourth ventricle (second month), but soon thereafter (third 
month) the growth becomes evident cxtemall) (Fig 209, B) From the 
manner in which this region is molded m * 

It IS evident that the cerebellar pnmord 
limited parts of the right and left alar 
soon coalesce m the rmd-hne Their me 


: the formation of the pontine flexure, 
la are paired structures arising from 
plates These two centers of growth 
im medial portions grow together to 
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in primates The co-ordmaling function of this part of the brain has already 
been explained m tlic introductory section of tins chapter, and some of the 
types of fiber paths leading to and from it were there shown diagrammatically 
(Fig 194) The third part of the mctcnccphafon is the portion usually called 
the basal or fibrous part of the pons 

Primary Axial Portion of the Mctencephalon Unfortunately, the por- 
tion of the mctencephalon embraced by' the fibrous portion of the pons has 
been included by descriptive anatomists as a part of the mammalian pons, 
constituting the so-called tegmentum This inclusion of the primitive axial 




Fig 206 Lateralvie>\soffetalbramatvanousstagcsmdevclopment (Modified 
from Rctzius ) 


portion of the mctencephalon m the designation “pons” is justified neither by 
Its functional character, nor by its developmental history The primary axial 
portion of the mctencephalon (BNA, tegmentum pontis), as would be expected 
from the fact that it is a continuation of the medulla, exhibits a similar 
organiration The alar and basal plates are similarly disposed dorsal to, and 
ventral to, the sulcus limitans As was noted in connection with the medulla, 
the sulcus limitans is clearly marked in the embryo In certain regions it still 
remains as a recognizable landmark in the adult, although it becomes partially 
obscured locally as a result of secondary changes in the position of nuclei and 
fiber tracts As was the Case both in the cord and the medulla, afferent nuclei 
are located dorsal to the sulcus limitans and efferent nuclei ventral to it 
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Some of the moie important nuclei of this region will be considered m the 
section on cranial nerves The same longitudinal fiber tracts ivhich, on their 
way to and from higher centers m the brain, traversed the marginal la>er of 
the medulla are contmued m comparable positions through the axial portion 
of the metencephalon (Fig 194) These tracts arc supplemented b> the addi- 
tion of other fiber bundles \shich arise in the medulla and pons 

The Cerebellum In order to understand the origin of the cerebellum it 
is necessary to ha%e clearly in mmd certain features of the earl> topograph\ 
of the rhombencephalon The manner in which the lateral walls of the rhom- 
bencephalon spread apart with the resultant stretching out of the roof plate 
has already been discussed m connection with the formation of the choroid 
plexus of the fourth ventricle The zone of abrupt thickening on either side 
ivhcre there is a transition from the thin roof to the thick lateral plates is 
known as the rhombic lip (Fig 203, D) In older embryos the rhombic hp is 
flange-shaped, as seen m cross-sections (Fig 220, F) If this part of the brain 
IS viewed from above, the rhombic lips will be seen flanking the developing 
fourth ventricle In >oung embryos the fourth ventricle is a rather elongated 


space (Fig 213, B C) INTien, during the second month, a sharp flexure 
develops in the future pontine region, the rhombic lips are squeezed together 
cephalocaudally and as a result bulge out to either side (Cf C and D, Fig 
203) The outward extensions of the rhombocele between these Ups are 
known as the lateral recesses of the fourth ventricle (Fig 209 B) The part 
of the rhombic lip v\hich is situated cephalic to the lateral recess grows to 
form the flocculo-nodular lobe of the cerebellum (Fig 209, C~F) We shall 
see, when the central connections of the vestibular apparatus are discussed, 
that their associated nuclei differentiate m large part m that portion of the 
rhombic lip just caudal to the lateral recess Consequent!) these centers 
develop m close proximity to the flocculo-nodular lobe v\ith which thej. 
become intimatel) interconnected to establish this portion of the brain as a 
major center for equilibrator> control Ph)logeneticall>, this flocculo-nodular 
lobe of the cerebellum dates back to the beginning of the vertebrate series 
It IS interesting in this connection to see its carl> establishment m human 
ontogen) 


Cephalic to the part of the cerebellum developing from the rhombic bp 
IS the so-called corpus ccrebeUi This term is used to include all the dev eloping 
cerebellum except the fiocculo-nodul<ir lobe from which it is separated bv the 
posterolateral fissure (Fig 209, A, B) The corpus cerebelli is formed bv 
growth of the aUr plates where the> swing toward the mid-lme rostral to the 
lateral recesses of the fourth ventricle The first expansion of this region takes 
place toward the fourth ventricle (second month), but soon thereafter (third 
month) the growth becomes evident external!) (Fjg 209 B) From th 
manner in which this region is molded m the formation of the pontine flexure^ 
n IS evident that the cerebellar primordia arc paired structures arisinn from 
limited parts of the right and left alar plates These tivo centers of Luth 
soon coalesce in the mid-line Their more medial portions grow togeto to 
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fiber tracts leading to the cerebellar hemispheres, although there is some 
intermingling of gray matter, and some through fiber tracts traverse it As 
one might deduce from its late appearance m phylogeny, the fibrous portion 
of the pons is laid down secondarily m the ventrolateral margins of the original 
rhombencephalon Although its location is early indicated in embryos by the 
pontine flexure, its fiber paths arc relatively late in making their appearance 

THE MESENCEPHALON 

The mesencephalon consists of three major regions — the tectum, a middle 
portion (tegmentum), and the peduncular portion 
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Tectum of the Mesencephalon TIic tectum arises from the dorsolateral 
walls of the mesencephalon and is made up of n\o pairs of eminences, known 
as the superior and the inferior coHicuh Tlicsc four elevations arc often called 
tile corpora quadrigemma Sometimes the superior colliculi arc termed the 
anterior, and the inferior colliculi the posterior ouadrigemmal bodies It 
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Fig 209 Three stages in development of cerebellum (Modified from 
Streeter ) A, Lateral, and B, dorsal view of a reconstruction from an embry o of 
95 mm (1 3 weeks) C, Lateral, and D, dorsal view of reconstruction from an 
embryo of four months E, Lateral, and F, dorsal \iew of reconstruction of an 
embryo of five months Labeling follows LarseH-Do%v terminology 


will be recalled that the inferior colliculi serve as synaptic relay stations for 
auditory reflexes, and that the superior colliculi are visual correlation and 
reflex centers 

Although they develop in close association, the superior and inferior collic- 
uli exhibit interesting differences m theu- manner of growth, and their final 
structural patterns The inferior coUicuh show a relatively simple type of 
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differentiation, being developed primarily as enlarged gray areas arning from 
the alar plate portion of the mantle layer of the >oung brain, and retaining 
their original relations with little secondary modification In contrast, the 
superior colliculi, which start to develop m the same manner, undergo striking 
modifications of the original pattern A large proportion of the neuroblasts 
derived from the mantle layer migrate toward the surface and acquire a con- 
spicuously stratified arrangement Between these layers of cells run incoming 
fiber bundles The outgoing fibers he deep to these migrated bands of cells 
and the incoming fibers associated with them This elaborate laminated 
arrangement of cells and fibers is indicative of the correlative function of this 
part of the tectum It is here that visual psychic impulses are correlated with 
pain and temperature impulses from the head and body with the resultant 
initiation of the appropriate responses Auditory impulses are also passed on 
from the inferior to the superior colliculi providing for auditory-visual cor- 
relation It is in this region, too, that these various impulses may be modified 
or conditioned through connections from the cerebral cortex 

Middle Portion of the Mesencephalon The middle portion of tht 
mesencephalon, frequently called the tfgmentum^^ is developed from the basal 
plates of the embryonic neural tube at this level It contains the nuclei of 
origin of the third (oculomotor) nerves at the level of the superior colliculi, 
and of the fourth (trochlear) nerves at the level of the inferior colliculi The 
relations of these nuclei will receive further consideration in a following sec- 
tion on the cranial nerves Other conspicuous and important gray masses in 
the tegmentum of the mesencephalon are the ud nxtcUi These nuclei arc 
located on either side, dose to the mid-Iine Each nucleus consists of a large- 
celled and a small-celled portion The large-celled moiety acts as a relay sta- 
tion for impulses passing from the cerebellum to the motor centers of the 
brain-stem and the cervical cord (Fig 194) The small-celled part which 
appears later m both phylogeny and ontogeny, serves as a relay station for 
impulses passing from the cerebellum to higher centers In addition to the 
nudear masses mentioned, and others of somewh it similar significance there 
are many fiber tracts m the tegmentum A considerable proportion of these 
tracts are “fibers of passage,'' that is to say they are fibers carrying impulses 
which have originated, and are destined to terminate, at other levels 

Peduncular Region The peduncular region consists primarily of longi- 
tudinal fiber tracts which develop m the marginal layer of the basal portions 
of the mesencephalon Lying dorsally along these fiber tracts is a mass of gray 
matter known as the subsianlia nigra which is also regarded as part of the 
peduncular region This nuclear mass gets its name from the fact that it con- 
tains a black pigment (melanin) Tins pigment is relatively late m appearing 
there being only scanty amounts of it present at the time of birth Its mosj 
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rapid increase commences around the sixth or seventh y car and continues into 
adolescence 

The fiber tracts of the peduncular region {aura cerebn), being for the most 
part descending paths from the cerebral cortex (e g , pyramidal tract, Tig 
194, 7c), arc relatively late in developing m ontogeny, as in phylogeny As a 
matter of fact, it is not until after birth that these tracts become mcdullatcd 
Consequently, the peduncular part of the midbrain in the embryo lacks two 
of Its most striking adult clnracicnstics, the abundant melanin pigment of the 
substantia nigra, and the heavy mcdullation of the fiber tracts of the crura 
cerebri 

The Mesocele With the great thickening of its walls, the lumen of the 
mesencephalon becomes relatively reduced to form a narrow canal joining 
the lumen of the mctcnccphalon and myclenccphalon (fourth ventricle) with 
the lumen of the dicnccphalon (third ventricle) This canal is known as the 
cerebral aqueduct or aqueduct of S)lvtus (Fig 213) 

THE OIENCEPHALON 

Although the dicnccphalon undergoes striking local modifications, its 
original name is still retained in the terminology of adult anatomy Three sub- 
divisions arc customarily recognized in this part of the brain — the epithalamus, 
the thalamus, and the hyTsotlialamus 

The Epithalamus The cpiihalamus is formed from the embryonic roof 
plate and the more dorsal portions of the alar plates During the second month 
the thin roof plate expands Vessels developing on its outer surface force it 
ahead of them m fingcrlikc processes which, early m the third month, begin to 
project into the diocclc The attenuated roof plate, together with the associ- 
ated capillaries, constitutes a choroid plexus (choroid plexus of (he third lentricle, 
Figs 205, A, 207, G) In the median part of the diencephalic roof, posterior 
to the choroid plexus, the epiphysis (pineal body) appears during the seventh 
week as a small local cvagination (Figs 205, A, 207) Later m development 
the walls of the epiphysis become thickened, and its lumen is practically 
obliterated 

In addition to the choroid plexus and the epiphysis, which are essentially 
non-nervous derivatives of the roof plate, there are nuclear masses and fiber 
tracts which arise along the upper borders of the alar plates The nuclear 
masses are the paired habenulae, interconnected by a commissure which 
crosses the mid-lmejust rostral to the epiphysis According to Streeter, these 
nuclei can be clearly outlined and some of their connections discerned m 
embryos of 80 mm (thirteenth week) The habenular complex is one of the links 
m the chain of central olfactory conduction paths Just caudal to the epiphysis 
at the transition from diencephalon to mesencephalon another band of cross- 
ing fibers develops which is known as the posterior commissuie 

The Thalamus The thalamus is a group of nuclear masses devclopmg in 
the lateral walls of the diencephalon It may be subdivided into a dorsal 
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thalamus and a ventral thalamus or subthalamus On the lateral walls of the 
ventricles a sulcus (sulcus h>'pothalamicus— shoum below the word dien- 
cephalon but not labeled in Fig 205, A) indicates the ventral border of the 
dorsal thalamus The mam portion of the sulcus hy-pothalamicus is regarded 
by some observers as the prolongation of the sulcus limitans into this part of 
the brain The rostral bifurcation of the sulcus, however, has left the anterior 
termination of the sulcus hmitans a matter of controv'ersy 

Dorsal Thalamus This contains nuclear groups which are way stations 
for various types of afferent impulses en route to the cerebral corte\ One 
group {lentral nucleus oj dorsal thalamu^ is a conscious and a relay center for 
proprioceptive, tactile, pain, and temperature impulses (Fig 194) Another 
conspicuous nuclear group {lateral geniculate nucleus) receives visual impulses 
and transmits them to the visual centers of the cerebral corte\ (Figs 194, 
236) Still another nuclear mass {medial geniculate nucleus) is the thaUmic region 
for the reception and transmission of auditory impulses to the cerebral cortCK 
There are other centers in the dorsal thalamus in addition to those named, 
the examples cited will, however, serve to indicate the general functional 
character of this portion of the dicnccphalon According to Streeter, it begins 
to be possible to recognize the major pathwavs entering and leaving the 
thalamus by the end of the second month By the end of the third month the 
thalamic centers have enlarged sufficiently to cause a conspicuous bulge on 
the medial surfaces of the diencephalic walls (Fig 205, A) 

The thickening of the lateral walls of the diencephalon greatly reduces the 
width of Its lumen In its central portion the two walls may come, m contact 
and fuse, forming a conspicuous connection across the third ventricle, known 
as the massa intermedia If it is formed, this fusion involves the grav matter of 
the dorsal thalami 

Ventral Thalamus This is a region of passage, and to some extent of 
relay, of fiber tracts from the deeper portions of the hemispheres to efferent 
centers It grades over into the tegmentum of the midbrain 

The Hypothalamus The hvpothalamus develops from the basal plates 
and the floor plate of the dicncephalon Intimately associated with it is a gland 
of internal secretion, the hypophysis, the neural lobe of which is derived from 
the diencephalic floor plate (See Chapter 17 on the ductless glands ) In the 
floor, as m the roof, of the diencephalon conspicuous groups of fibers cross the 
mid-hne The most significant of these is in the optic chiasma when part of the 
entering optic nerve fibers decussate to continue — in company with uncrossed 
fibers— as the optic tracts (Fig 236) It will be recalled that very earlv in 
development the optic vesicles arise as outgrowths from the ventrolateral 
walls of the prosencephalon (Fig 203, A, B) When the prosencephalon is 
divided into telencephalon and dicnccphalon, the optic stalks open into the 
brain very near the new boundary In fact, the median depression in the floor 
of the brain, opposite their point of entrance, is regarded as the v entral land- 
mark (r.wn/r opticus. Fig 67) which establishes the line of demarcation 
between telencephalon and dicnccphalon The chiasmal thicl ening makes its 
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appearance directly caudal to the rcccssus opticus It is usually recognizable 
in human embryos of the fifth week, and clearly defined b> the sixth week 
The mantle layer of the hypothalamic portion of the diencephalon dif- 
ferentiates into a senes of nuclei Conspicuous among tlicsc arc the paired 
mammillary bodies whicli appear relatively early in development and form 
rounded protuberances on the ventral surface of the caudal part of the hypo- 
thalamus (Figs 207, 208) The hypothalamic nuclei act as olfacto-visccral 
centers where olfactory impulses are correlated svith visceral impulses such 
as those of taste Perhaps more significantly, m primates, this region has 
certain nuclei exercising a regulatory' action over parasympathetic centers of 
the brain-stem, and other nuclei with a similar relation to the sympathetic 
centers of the spinal cord Thus the region as a svholc is concerned with the 
regulation of visceral functions such as maintenance of normal heart rate, 
and of normal body temperature, and effective muscular action of the internal 
organs generally 


THL TELLNCCPHALON 

The telencephalon consists of the most anterior part of the neural tube, 
including paired dorsolateral outgrowths from its primary median portion 
These outgrowths first appear as roughly hemispherical cvaginations called 
the telencephalic vesicles (Fig 203) Although the division of the lateral walls of 
the neural tube into alar and basal plates is not clearly marked m this region/ 
the telencephalic evagmations, because of their general relations, are regarded 
as arising chiefly from the alar plates 

At first the cavities within the two telencephalic vesicles are broadly con- 
tinuous with the primary lumen of the neural tube (Figs 204, B, 213, B) 
Later in development these openings into the lateral \csiclcs become relatively 
much smaller, nevertheless they persist, even m the adult, as the so-called 
Joramina of Monro or interventricular foramina (Fig 213) Thus, in spite of ex- 
tensive local modifications, the original neural canal remams open In the 
adult brain the lateral teloceles arc known as the first and second ventricles 
Since there is no line of demarcation between the small median telocele and 
the diocele, both are included in the cavity of the adult bram kno\vn as the 
thud ventricle (Fig 213) 

The lateral telencephalic vesicles eventually extend much farther rostrally 
than the primitive median portion of the telencephalon The rostral wall of 
the median part of the telencephalon is known as the lamina terminalis (Fig 205, 
B) This thin portion of the bram wall forms the most rostral part of the brain 
in the mid-lme, and because of the constancy of its relations during develop- 
ment constitutes a valuable landmark (Fig 207) Through its dorsal portion 
conspicuous fiber bundles cross from one side of the brain to the other, mter- 
relatxng the olfactory centers These fibers form the anterior commissure which i 
IS the earliest of the commissural bundles in the hemispheres to differentiate 
(Figs 207, G, 210, C) 

Once established, the lateral lobes of the telencephalon undergo exceed- 
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Fig 210 Diagrams shelving some of the steps in the development of the 
corpus striatum A, Schematic transparency showing position of corpus striatum 
m adult brain (Redra^vn after Kreig ) B, Lateral view of three-month brain 
(Modified from a His model ) Lateral wall of left hemisphere has been cut away 
to show vanous parts of developing corpus striatum G, D, Sections of the brain 
of an embry o of approximately same stage of development as model shown in B 
(Modified from Kodama’s illustrations of the brain of a 43 mm embryo ) 
Section diagrammed in G was taken just rostral to optic chiasma, that m D was 
taken through caudal margin of chiasma 
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ingl> rapid growth, forming the cerebral htmisphcns Tlicir extension 
rostrally conceals the median portion of the telencephalon, and their even 
greater expansion dorsall> and cnudall) eventually covers the entire dicn- 
cephalon and mesencephalon (Fig 207) The superficial, richly cellular gray 
layer of the telencephalon is known as the cerebral corlev The immediately 
underlying regions consist largely of commissural fibers, of fiber paths inter- 
relating one part of the cortex with another (association fibers), and fiber 
bundles (projection fibers) interconnecting the cortex with other parts of the 
nerv'ous system Because these systems of fibers appear whitish in the adult, 
after they have become mcdullatcd, they arc said to constitute the while mailer 
of the hemispheres Buried in the white matter, and in part lx)rdcnng the lateral 
ventricles, arc dcep-lymg nuclear masses known as the basal ganglia The 
major^ basal ganglia of either hemisphere collectively constitute its corpus 
striatum 

For purposes of discussion, then, it is convenient to divide the telen- 
cephalon into the corpus striatum and the cortical areas The cortical areas 
may be subdivided furtlicr into olfactory and nonolfactory portions Since the 
nonolfactory portions reach their major development late in phylogenetic 
history, they arc appropriately called the ncopallial cortex or simply ncopal- 
lium (=* new covering) Tlic olfactory cortex, together with the olfactory 
bulb and stalk, constitute the rhmcnccphalon (Literally translated, this term 
means nose-brain ) The rhmcnccphalon reaches its maximum development/ 
m lower forms In primates it is ovcishadowcd by the tremendous growth of 
the neopallial cortex 

The Corpus Stnatum The corpus stnatum is developed m the mantle t' 
layer of the ventrolateral walls of the telencephalon Eventually, it becomes 
one of the conspicuous internal landmarks m the tclcncephahc region (Fig 
210, A) It derives its name from the fact that, m certain lower forms, when 
tt IS sectioned, its gray matter appears striped by bands of fibers Its con- 
nections are exceedingly complex and many of them are not as yet entirely 
.worked out Whatever its other activities may be, it is clearly involved in the 
po-ordmation of certain complex muscular activities (Fig 194, Arc 6) It 
also appears to exert a steadying influence on voluntary’ muscular actions 
generally, because interference with it is followed by' the appearance of muscu- 
lar tremors during movement 

The corpus stnatum, using the term in its inclusive sense, may be sub- 
divided into the caudale nucleus and the lentijorm nucleus ^Vllen the caudate 
nucleus first becomes recognizable, early in the second month, it lies m the 
floor of the foramen of Monro and tends to bulge in toward the lumen of the 
ventricles Later in development it is drawn out m the growing cerebral 


* "nie other structures which are sometimes laduded as basal ganglia arc the eJausmun and the 
amvffdala The clausirum is a narrow stnp of gray matter between the corpus stnatum and the 
cortex of the insula The amygdala is a mass of gray matter lying deep to the uncus (Fig 208 E) It 
connected with the epithalamus and the hypothalamus and is an olfactory, and probably an olfacto 
somatic, correlation center 
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hemisphere By the third month it projects conspicuously from the telen> 
cephalic floor into the lateral ventricle Rostrally it is partially divided into 
two ridges by a sulcus, but caudally these ridges tend to merge (Fig 205, B) 
The expanding caudate nucleus arches rostrocaudally from near the olfactory 
centers to the caudoventral portion of the hemisphere (Fig 210, B) With 
further growth all but its rostral part becomes attenuated as its caudal portion 
IS drawn out to an increasing extent into the temporal lobe This long slendei 
part IS appropriately known as the tail (cauda) It is, of course, its suggestive 
configuration that has given the name caudate nucleus to this part of the 
corpus striatum 

Lateral to the caudate nucleus lies the part of the Icntiform nucleus known 
as the pufamen The putamen is not at first sharply separated from other parts 
of the hemispheres Later m development fiber tracts appear which almost 
completely delimit it, although it always retains its connection with the 
caudate nucleus The putamen (root meaning =» husk) constitutes the outer 
portion of the lentiform (lens-shaped) nucleus (Fig 210) The inner part of 
the Icntiform nucleus is formed by an area which, m the adult, contains 
many medullated fibers From the whiteness due to its composition this part 
of the lentiform nucleus is known as the globus pallidus (Figs 210, D, 211, D) 

The corpus striatum as a whole lies m the part of the telcncephahc wall 
which, in Its growth caudad, has come to overlie the diencephalon Where 
the vcniTomt dial wall of the telencephalon makes contact wuh the lateral 
walls of the diencephalon, a secondary fusion occurs (Fig 211, D) Through 
this region of fusion, fiber tracts develop which interconnect the cerebral 
cortex and lower centers These fibers constitute the so-called internal capsule 
(Fig 211, D) 

Cortical Areas of the Telencephalon Having considered the mam steps 
in the dev elopment of the corpus striatum, attention may now be turned to 
the cortical areas of the telencephalon It will be lecallcd that the tclen- 
cephaUc cortex can be divided into olfactory and nonolfactory portions \t 
first the cerebral hemispheres arc smooth in contour and without striking local 
differentiations (Fig 206, A) As their development progresses they become 
much convoluted and certain regional divisions become clearly marked 
(Fig 20G, B-E) A conspicuous fissure in the temporal region, called the 
rhmal fissure (Fig 208, E), separates the olfactory cortex, medially from the 
more laterally located nonolfactory portions of the cerebral cortex 

Olfactory Cortex This is composed of the rolled-m hippocampus and 
the adjoining cortical gray Other important parts of the olfactory complex 
arc the olfactory bulb with its stalk, the olfactory tracts, and the anterior 
perforated space (Fig 210, B) The part of the olfactory complex which first 
becomes recognizable m the embryo is the olfactorj bulb This appears m 
embryos of the sixth week in the form of an enlargement on the \entra] 
surface of each telcncephahc vesicle (It la this part of the rhmenccphalon on 
which the leader ends m Fig 205, A) The developing olfactory bulb js at 
first hoUow, containing a cavity which communicates dorsally with the lateral 
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Fto 211 Later development of cerebral hemispheres and their commissures 
A-C, Medial aspect of right hemisphere at tlnee difTerent ages (Redra\vn with 
some modifications after Streeter m Keibel and Mali ) Iniual cut separating the 
two hemispheres from each other was made in the sagittal plane Where cut was 
extended across thalamus to separate hemisphere from bram*stem, it slanted 
latcrad A, At 80 mm (about three months) B, At 95 mm (early m fourth 
month) G, At 1 50 mm (early m fifth month) D, Schematized cross-section of 
the hemispheres showing corpus callosum and secondary fusion of telencephalon 
and dicncephalon (Based m part on Broman ) 
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ventricle The outgrowth thus established tends to extend distally, forming a 
lengthening olfactory stalk carrying the olfactory bulb at its end (Fig 211, 
A'C) As the stalk becomes more elongated and attenuated, it loses Us lumen 
At the same time the lumen of the bulb becomes almost completely obliterated 
Immediately caudal to the olfactory bulb a primordial elevation thickens 
to form olfactory centers in the basal and medial portions of the walls of the 
hemisphere Conspicuous among these centers is the anterior perforated substance 
(space) (Fig 210, B) which gets its name from the presence of man> small 
holes caused by the penetration of blood vessels The “perforations” remain- 
ing when these vessels are pulled out in the removal of the meninges are con- 
spicuous superficial markings m front of the optic chiasma on either side 
(They are shown but not labeled in Fig 208, D, E ) 

The hippocampus early takes on an arched configuration foUoiving the 
expansion of the telencephahc lobes The rostral hmb of the hippocampus rests 
on the medial part of the anterior perforated substance Seen in the brain 
of a three-months embryo with the hemisphere opened from the lateral side 
the hippocampus arches rostrally and then dorsally around the interventricu- 
lar foramen It then curves back, forming the ventromedial portion of the 
pallium (Fig 240, B) Along us ventral border is the developing choroid 
fissure through which vessels push to form the choroid plexus of the lateral 
ventricle Caudally the hippocampus follows the curve of the caudate nucleus 
into the temporal pole of the growing hemisphere As the temporal lobe 
recurves below the parietal lobe and grows forward (Fig 206, E), the original 
caudoventral portion of the hippocampus is carried forward with it As we 
shall see shortly, when the development of the corpus callosum is discussed, 
the rostrodorsal portions of the hippocampus arc rolled back during the 
dcvflopment of this neopalliil commissure The fiber tract, however, which 
connects the hippocampal cortex with the diencephalon, follows the original 
line of hippocampal curvature along the choroid fissure and above and rostral 


to the interventricular foramen This tract is the so-called/omix (Fig 211, C) 
which passes ventrocaudally from the region of the interventricular foramen 
to the mammillary body in the hypothalamus 

NoNOLtACTORY (Neopallial) Cortex In primates the nonolfactory 
(neopallial) cortex completely overshadows the rhinenccphalon which con- 
stitutes such a conspicuous portion of each hemisphere in lower mammals 


This change in proportion is due m part to a reduced importance of the 
olfactory sense, but more especially to the tremendous growth of the nonol- 
factory (neopallial) cortex tn primates, especially in man In the neopallial 
cortex are located suprasegmental centers concerned with memory, voluntary 
action, and inhibitory control (Fig 194, Arc 7) 

As the cortex develops, its area is so greatly expanded that it is thrown 
into folds (convolutions, gyri) with grooves (Hssures, sulci) between them All 
the principal convolutions and fissures are named and the centers for various 
special functions have been located with considerable accuracy in specific 
areas It would carry us beyond the scope of this book, however, were we to 
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attempt to do more than become familiar ^vltll a few of the more important 
regions of the cerebral hcmisplicrcs 

The first conspicuous marking to appear on the lateral aspect of the 
hemisphere is the S^luanjossa (Fig 206, D) This depression is recognizable 
as ’earl) as the third month and is progressively more sharply circumscribed 
as the surrounding areas become elevated The slowly growing cortex forming 
the floor of the SyKian fossa, lateral to the corpus striatum (Fig 210, B) is 
known as the xnnila {island of Jtnl) The more rapidly grosvmg surrounding 
areas extend over it constituting co\cnng folds know'n as opcrcula There are 
three opcrcula — frontal, parietal, and temporal — each a part of the lobe 
designated by its name The approximation of the opcrcula with each other 
gradually conceals the insula Tlic lateral (Sylvian) fissure marks the line of 
their contact (Fig 206, E) An “open’* insula m an adult is, therefore, indic- 
ative of a failure of normal development in the parts of the cortex constituting 
the opcrcula In the ordinary course of events the frontal operculum is the 
last to acquire its full development Defective development of this opercular 
region IS clinically of considerable interest because certain association areas 
m the frontal operculum arc concerned with speech It is believed by many 
workers that the dominant center for articulate speech m-a right-handed 
person is on the left, and m a left-handed person presumably on the right 

On the upper margin of the temporal operculum, in a region just failing 
to show in a lateral view, is the auditory projection area To this region are 
brought impulses from the receptive mechanism for sound m the internal car 
(cochlea) There is good evidence that this auditory projection area has a 
functional pattern corresponding to the cochlear pattern concerned with 
discrimination of pitch 

During the fifth and stxth months of development the central, parieto- 
occipital, and calcarine fissures become recognizable The central fssnre indi- 
cates the boundary between frontal and parietal lobes (Fig 206) This fissure 
IS an even more important landmark from the functional than from the 
descriptive standpoint The g>Tus immediately rostral to the central fissure 
{precentral gyrus) contains localized centers for the voluntary control of motor 
responses for much of the head, the neck, and the body The gyrus immedi- 
ately caudal to the central fissure {postcentral gyrus) contains the corresponding 
localized sensory centers of pain, temperature, touch, and proprioception 
Impulses of these types collectively constitute what is frequently designated 
as somesthetic sensibility 

The lateral part of the parieto-ocapital fissure lacks the striking functional 
significance of the central fissure, and is chiefly of importance, as its name 
implies, m helping to establish the boundary between the parietal and the 
occipital lobes (Fig 206, E) On the medial aspect of the hemisphere, in con- 
junction with the calcarine fissure, it delimits a wedge-shaped cortical area 
known as the cuneus (Fig 207, G) The cuneus is one of the important 
regions concerned with visual association 

Like the central fissure, the calcarine fissure is an important landmark from 
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the functional standpoint Along the two lips of the calcarine fissure lie the 
visual receptive {projection) areas of the cortex It is in this region that the images 
thrown on the retina are brought into consciousness (Fig 236) The inferior 
visual fields are projected on the superior lips of the calcarine fissures and the 
superior visual fields on the inferior lips The region of the retina responsible 
for the sharpest visual discrimination (the macular area of the retina) has its 
projection area located at the most caudal csttremity of the calcarine fissure 
It is for this reason that blows on the back of the head may, if severe enough 
to produce local hemorrhage m the underlying cortev, cause varying degrees 
of visual impairment 

In the foregoing paragraph some of the more important cortical centers 
have been located The motor and sensory somesthetic areas, together with 
the visual, olfactory, and auditory centers, arc spoken of as ^^projection areas ” 
The term projection m this connection has come to imply the transmission 
of impulses m either direction between a cortical and a noncortical area with 
the retention of a specific pattern Thus visual impulses may be “projected” 
from the retina to form a corresponding pattern in the visual cortical centers 
along the calcarine fissure Likewise from localized centers in the corte\, 
motor impulses may be projected to lower centers m accordance with a 
specific pattern 

Bordering the projection areas arc primary association areas dominated by 
the impulses traversing the projection pathways Such areas also intercom- 
municate with other cortical areas by association paths, and with lower 
centers by way of projection paths In addition, m primates and particularlv 
m man, secondary association areas are developed in the temporal, parietal, 
and especially in the frontal cortex The high development of the frontal 
association areas in man is one of the most striking differences between the 
human brain and that of higher apes It is the interconnection of such 
association areas in the cortex that provides the physical basis for memory, 
for intelligent response to past experience, and for constructive social 
responsibility 


Histogenesis of Cortex In the cerebral hemispheres, as in other parts 
of the developing central nervous system, the walls of the young brain show 
the characteristic ependymal, mantle, and marginal zones (Fig 212, A) 
The first place that neopallial cortical differentiation becomes recognizable 
IS in the region of the imula Differentiation extends thence to other cortical 


areas Beginning in the third month large numbers of neuroblasts migrate 
peripherally to form a layer of young nerve cells (predominantly young py- 
ramidal cells) beneath the primitive marginal zone This layer of neuroblasts 
close to the surface of the brain constitutes the primordial cortical gray (Fig 
212, B) As development progresses there is a marked increase in the number 
of fibers in the layer intermediate between the primordial cortex and the 
ncuroblasts (inner nuclear layer. Fig 212, C) that have remained adiacent 
to the epcndjmal zone During this process most of the neuroblasts have 
moved out of the fibrous layer, although occasional strands of cells or scat 
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Fxg 212 Histogenesis ofccrcbralcortcx A, Entire tlucl^ness of telencephalic 
•wall from a human embryo at beginning of the eighth week (X 200) B, Entire 
thickness of telencephalic wall in an cmbiyo of the tenth week (X 125) C, 
Entire thickness of telencephalic wall m an embryo of the fourteenth iveek 
(X 22 5) D, Cortex onlv, from fetus of about six months (Redrawn, X 33, 
from Brodmann ) E, Adult parietal cortex (Redrawn, X 40, from Huber, 
Kappers, and Crosby ) Roman numerals used m labeling of C-E stand for the 
cortical layers (I) Molecular layer (lamina zonalis of Brodmann), (II) outer 
granular layer, (III) pyramidal cell layer (lamina pyramidahs), (IV) inner 
granular layer, (V) ganglion cell layer (lamma ganglionans), and (VI) multi- 
form cell layer (lamina multiformis) 
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tertd nturoblasts remain until after birth With its m^elmation this fibrous 
la\er becomes the massne white la\cr of the hemisphcrt 

During the fourth and fifth montlis the peripheral zone of neuroblasts 
consututing the primordial cortical gra\ gradually subdn ides into an outer 
and an inner band separated from each other b\ a la\er containing onl\ 
scattered small neiiroblasts (Fig 212 C) This less cellular zone constitutes 
the primordial internal granular la\cr (Fig 212, C, IV) of tlic cortex The 
cellular band superficial to the internal granular laser (Fig 212, C, II and 
111) and the cellular band deep to this laser (V and VI) each differentiates 
secondarils into two lasers As showai m Fig 212, D, this separation occurs 
somewhat earlier in the band deep to the granular layer (mfragranular 
gras) ^\llen by the sesenth month, the supragranular gray has also disidcd 
and become differentiated into the external granular (II) and the psTamidal 
laser (III) a SL\-Iayered cortex is formed ssith its outermost layer (I) con- 
stituted b\ the original marginal zone B\ modifications of these six basic 
lasers the characteristic patterns of the various specialized regions of the nco- 
palhal cortex are established (See, for example, the sensors cortex from the 
human postcentral g>Tus diagrammed in Fig 212 E ) Neuroanatomists noss 
recognize some 80 to 90, or more, characteristic local sarnnts of the under- 
Isang basic pattern 

Comnussurcs of the Telencephalon In connection with the lamina 
termmahs, mention w as made of the antmor commissttre It w ill be recalled that 
this group of decussating libers is pnmarils concerned ssiih the interreJation 
of olfactory centers m the hemispheres It is one of the earliest of the com- 
missures to appear and constitutes a valuable landmark m dealing ssith the 
developing brain (Figs 207, G, 210, C, 211, A-C) 

\nother group of crossing fibers in the hemispheres vs luch is also concerned 


with the olfactory sense is the hippocampal commissure As its name implies, its 
fibers interconnect the hippocampi of the two sides It first makes its appear- 
ance m the third month m the thin rostral wall of the third s entricle, dorsal to 
th< anterior commissure (Fig 211, A) Its fibers are accompanied by projec- 
tion fibers from the hippocampus which pass partly to the epithalamus (by 
was of the stria medullaris, Fig 211, D) but more conspicuously to the hypo- 
thalamus as the so-called fornix (Fig 211, A-C) IVith die growth of the 
corpus callosum, which will be discussed directly, the hippocampus is gradu- 
ally carried backward and dowaisvard into the temporal pole of the grow inn- 
cerebral hemisphere In this process the hippocampal commissure is shifted 
caudad untU it ultimately comes to he beneath the caudal end of the corous 
callosum (Fig 211, A-G) 


The third commissural system of the telencephalon is the so-called corpus 
callomm which is a massive ssstem of fibers interconnecting the nonolfactors 
^as of the cortex It is formed in an area of secondary fusion between the two 
hemispheres and is best developed m the human brain m which the neopallial 
cortex reaches Its maMmum The corpus callosum ts Erst recognizable during 
the third month tn the area rostral and dorsal to the hippocampal commissure 
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Fig 212 Histogenesis of cerebral corlex A, Entire thickness of telencephalic 
wall from a human embryo at beginning of the eighth week (X 200) B, Entire 
thickness of telencephalic wall in an embryo of the tenth week (X 125) C, 
Entire thickness of telencephalic wall in an embryo of the fourteenth tveek 
(X 22 5) D, Cortex only, from fetus of about six months (Redrawn, X 33, 
from Brodmann ) E, Adult parietal cortex (Redrawn, X 40, from Huber, 
Kappers, and Crosby ) Roman numerals used m labeling of C-E stand for the 
cortical layers (I) Molecular layer (lamina zonalis of Brodmann), (11) outer 
granular layer, (III) pyramidal cell layer (lamina pyramidahs), (IV) inner 
granular layer, (V) ganglion cell layer (lamina ganghonaris), and (VI) multi- 
form cell layer (lamma multiformis) 
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tered neuroblasts remain until after birth With its myelination this fibrous 
layer becomes the massive white la^er of the hemisphere 

During the fourth and fifth months the peripheral zone of neuroblasts 
constituting the primordial cortical gra> gradually subdivides into an outer 
and an inner band, separated from each other by a layer containing only 
scattered small neuroblasls (Fig 212, G) This less cellular zone constitutes 
the primordial internal granular layer (Fig 212, C, IV) of the cortex The 
cellular band superficial to the internal granular layer (Fig 212, C, II and 
III) and the cellular band deep to this layer (V and VI) each differentiates 
secondarily into two layers As shown m Fig 212, D, this separation occurs 
somewhat earlier in the band deep to the granular layer (infragranular 
gray) \Vhen, by the seventh month, the supragranular gray has also di\ idcd 
and become differentiated into the external granular (11) and the pyramidal 
layer (III), a six-layered cortex is formed, with its outermost layer (I) con- 
stituted by the original marginal zone By modifications of these six basic 
layers the characteristic patterns of the various specialized regions of the nco- 
pallidl cortex are established (Sec, for example, the sensory cortex from the 
human postcentral gyrus diagrammed m Fig 212, E ) Neuroanatomists now 
recognize some 80 to 90, or more, characteristic local variants of the under- 
lying basic pattern 

Commissures of the Telencephalon In connection with the lamina 
termmalis, mention was made of the anlenor commissure It will be recalled that 
this group of decussating fibers is primarily concerned with the interrelation 
of olfactory centers in the hemispheres It is one of the earliest of the com- 
missures to appear and constitutes a valuable landmark m dealing with the 
developing brain (Figs 207, G, 210, C, 211, A-C) 

Another group of crosing fibers in the hemispheres which is also concerned 
with the olfactory sense is the hippocampal commissure As its name implies its 
fibers interconnect the hippocampi of the two sides It first makes its appear- 
ance in the third month m the thin rostral wall of the third \ cntncle, dorsal to 
the anterior commissure (Fig 21 1, A) Its fibers are accompanied by projec- 
tion fibers from the hippocampus which pass partly to the epithalamus (by 
way of the stria medullans, Fig 211, D) but more conspicuously to the hypo- 
thalamus as the so-called fornix (Fig 211, A-C) With the growth of the 
corpus callosum, which will be discussed directly the hippocampus is gradu- 
ally carried backward and downward into the temporal pole of the growing 
cerebral hemisphere In this process the hippocampal commissure is shifted 
caudad until it ultimately comes to he beneath the caudal end of the corpus 
callosum (Fig 211, A-C) 

The third commissural system of the telencephalon is the so-called corpus 
callomm which is a massive system of fibers interconnecting the nonolfactory 
areas of the cortex It is formed in an area of secondary fusion between the two 
hemispheres and is best developed m the human brain in which the neopalJial 
cortex reaches its maximum The corpus callosum is first recognizable during 
the third month in the area rostral and dorsal to the hippocampal commissure 
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(Fig 211, A) It IS bordered in part by hippocampal gray In us growth the 
corpus callosum extends both rostrally and caudally (Fig 211, A~C) until it 
assumes its characteristic definitive configuration This growth of the corpus 
callosum entails changes in the position and the molding of certain associated 
structures Conspicuous among these changes is the previously mentioned 
backward and downward shifting of the main mass of the hippocampus on 
either side In this shift of the hippocampal gray matter, the associated pro- 
jection tract (fornix) is pulled out along the course of the migration (cf the 
length and relations of the fimbria and fornix in Figs 211, A-C) A record of 
this process is left m the form of a ihm film of hippocampal gray (gray stripe 
of Lancisi or indusium griscum, Fig 211, C), together with its associated 
fibers (white stripe of Lancisi) recognizable m the adult along either side of the 
dorsal surface of the corpus callosum 

Rostral to the hippocampal commissure in the angle between it and the 
forward-growing part of the corpus callosum is a small area of the hemisphere 
wall With the continued growth of the corpus callosum and the backward 
shift of the hippocampal commissure this area becomes greatly thinned to form 
the so-called seplum pelluadum (Fig 211, B) Tlic thm septa pclluctda of the two 
hemispheres, situated between the corpus callosum and the fornix, may fuse 
partly or completely with each other If the fusion is not complete a shthke 
space of variable extent remains as the so-called caviim scpti pellucidi 

VENTRICULAR SYSTEM OF THE BRAIN, CHOROID 
PLEXUSES, AND CCRLBROSPINAL FLUID 

Brain Ventricles As has been indicated already m discussing the various 
parts of the nervous system, the ventricles of the adult bram are derived by 
local modifications of the primary lumen of the neural tube In the spinal cord 
the lumen gradually becomes reduced to form the central canal (Fig 201) 
The original rhombocele remains as a continuous cavity in spite of the special- 
ization of Its walls to form separately differentiated met- and myelencephahc 
structures Caudally the rhombocele is narrow, and directly continuous with 
the central canal of the spinal cord Its rostral three-fourths widens out to 
constitute the fourth ventricle (rhomboid fossa) with its striking lateral recesses 
(Fig 213, A-D) Following the system of brain cavities rostrad, one finds the 
original mesocele greatly narrowed by the growth of the surrounding avails to 
form the cerebral aqueduct (of Sylvius) This slender passage connects the fourth 
ventricle with the slitlike third veniitcle formed by the narrowing of the ongmal 
diocele and the small median portion of the telocele with which it is con- 
tinuous It w ill be recalled that the great bulk of the telencephalon early comes 
to be made up of its lateral vesicles The lumen in each lateral vesicle con- 
stitutes the pnmordium of a lateral ventricle These two lateral cavities are 
spoken of as the first and second tmtncles of the brain There is no established 
convenuon as to whether the first ventricle is that on the right or tht left 
With the growth of the cerebral hemispheres the lateral ventricles take 
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on a highly characteristic configuration They at first balloon out laterad and 
rostrad (Fig 213, B) The rostral extension on either side increases and be- 
comes modified m shape to form the anterior horn of the adult ventricle 
(Fig 213, B-E) Coincident!) , there is an e\en more marked backward 
growth of ventricles forming the body and the beginning of the posterior and 



3 ^ Ventricle 



Anterior Horn of 
Lateral Ventricle 
in Frontal' 


Cerebral Aqueduct 
(of Sylvius) 

-4*'’Ventncle 


Fig 213 Schematic diagrams shoiving development of cerebral ventricles 
^om cavities of embryonic brain A, Primitive threc-vesicIe stace B Earlv 
five-ve^cle stage C, Expansion of lateral teJencephalic vesicles (Modified 

/xTei ^ tP’ schematic— viewed from above 

^lodificd from Broman) E, Final airangement as viewed from the side 
Contours of the beam are indicated for orientation (Modified from Fischd ) 

the inferior horns The posterior horn is extended with the growth of the 
occipital pole of the hemisphere With the growth of the temporal pole the 
inferior horn is carried lateralward, downward, and forward with UmIIv 

r '1?' *e opening^ 

from the median portion of the telocele which connect with each of the laterfl 

ventricles are called the/amminn of rlWo As the brain takes on its definitive 
configuration, these openings connectmg the third ventricle with tfe two 
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D 7weeKs E. SweeKd F iOweeKs 

(18 -20mm) (27"30mni) f60-65mm) 

Fic 214 Semichcmatjc diagrams graphically summarizing some of the 
mam steps in the development of the nervous sy-stem To facilitate comparisons 
body length has been held constant and the nervous system drawn to proper 
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lateral ventricles become relatively narrower, but they stiH retain their 
original name 

Choroid Plexuses It should perhaps Ix! emphasized that throughout the 
local regional clifTcrcntiation just described, continuity is retained bctuccn 
the cavities within the various parts of the brain and the spinal cord In these 
cavities there is a fluid whicli difTcrs m cell content and m chemistry from 
(ither blood or lymph This is the so-eallcd cerebrosjnml pid Although this 
fluid may be supplemented by direct seepage from the vascular system, it is 
believed to be formed chiefly m special areas known as the c/iomd plexuses 
There are certain regions along the roof of the fourth, third, and lateral ven- 
tricles in which neither fiber tracts nor nuclear masses develop Consequently 
the walls here remain thin, consisting merely of a layer of ependymal cells 
backed by a delicate basement membrane In each of these three regions local 
blood vessels form a rich capillary plexus (choroid plexus) which lies close 
against the thin ependymal roof These capillaries push the ependymal mem- 
brane ahead of them into tufts and folds which bulge into the ventricular 
lumen Thus is formed a highly specialized secretory mechanism m which 
modified ependymal cells extract fluids from a vascular plexus and pass their 
secretory products into the ventricular lumen The fact that this is a true 
secretory process rather than a mere filtration is suggested by the granules 
which develop m the ependymal cells, and confirmed by the fact that the 
cerebrospinal fluid has its own characteristic chemical composition which is 
different from that of either blood or lymph 

Circulation of the Cerebrospinal Fluid Disregarding minor local resorp- 
tion, It is clear that m man the major part of the cerebrospinal fluid follows a 
characteristic and definite course The fluid contributed by the choroid 
plexuses of the lateral ventricles passes through the foramina of Monro into 
the third ventricle Here its volume is increased by fluid secreted m the choroid 
plexus of the third ventricle From the third ventricle the cerebrospinal fluid 
passes by way of the narrow aqueduct of Sylvius into the fourth ventricle 
Here it is further augmented by the activity of the choroid plexus of this ven- 
tricle In the roof of the lateral recesses are openings from the fourth ventricle 
into spaces m the meningeal layers investing the central nervous system 
Through these openings, the foramtna of Lusebkaf the cerebrospinal fluid leaves 
the brain cavities and enters the so-called subarachnoid spaceii) This space m 
reality consists of a meshwork of irregular channels by way of which fluid may 
pass either backward into the meninges about the spinal cord, or into the 
cerebral meninges In the cerebral region there are certain areas (e g , above 
and below the cerebellum and below the midbrain) where the natural con- 
figuration of the brain and cranium favors larger mtrameningeal spaces In 
such regions, called cisterns, the cerebrospinal fluid collects ip relatively larger 

» Some observers believe there is in addition to the foramina of Luschka a median opening m 

roof of the fourth ventricle, the foramen of Magendie There la, however, considerable evidence 
that this median foramen may be an anefact due to teanng of the roof m the preparauon of the 
niatenal 
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s,wated just outside the bram wall (F.g 199) Likemse the efferent fibers m 
the spinal and the cranial nerves are similar m that they arise from cell bodies 
inside the wall of the neural tube In the spinal nerves these cell bodies he 
in the ventral and lateral horns of the gray matter of the cord In the cranial 
nerves their position is homologous for they he in clusters (nuclei) m the basal 
plate of the brain wall (Cf Figs 200, 215 ) 

If one considers these general facts it becomes apparent that, although 
the cranial nerves differ from the spinal nerves in certain respects, both con- 
tain afferent and efferent neurons and both show the same characteristic 
differences in the positions of the cell bodies associated with these two com- 
ponents Put in another way, the cranial and spmal nerves contain essentially 
the same kinds of components although they are divergently specialized and 
differently grouped It will be helpful to keep this in mind in considering the 
various cranial nerves 

Olfactory Nerve (I) ® Unlike other sensory nerves, the olfactory nervt 
lacks a ganglion It is peculiar, also, in that all its fibers are nonmedullatcd 
These fibers are the a-^onic processes of neurons, the cell bodies of which are 
situated withm the epithelial Ia>cr lining the olfactory pits Thence the axons 
grow ccntnpctally into the olfactory bulbs In so doing they pass through 
multiple small foramina in the developing cribriform plate of the ethmoid 
(Fig 168, D, 227, E, 229, D) In the olfactory bulbs the fibers of the nerve 
terminate in s> napse with other neurons (mitral cells) which relay the impulses 
along the olfactorv tracts to centers m the rhmencephalon On a functional 
basis the neurons composing the olfactory nerve are usually classified as 
special Msctral afferent Regarding them as visceral rather than somatic 
stresses the importance of the olfactory sense m connection with eating 

Optic Nerve (ll) Although customarily designated as the second cranial 
nerve, the optic nerve is really not a nerve m the strict sense It will be 
recalled that the optic cup arises as an outgrowth of the lateral wall of the 
prosencephalon The sensory layer of the retina is, therefore, a specialized 
portion of the bram wall and the nerve fibers arising from its ganglion cells 
really form a fiber tract within the central nervous system, rather than a true 
nerve This situation is emphasized by the fact that the human optic nerve, 
like other parts of the brain, does not effectively regenerate following injury 
The optic nerve fibers, then, develop as processes of neuroblasts situated m 
the sensory layer of the retina, m close association with its photosensitive cells 
These fibers leave the optic cup by way of the choroid fissure, then traverse 


‘There are two small nerves closely associated pcriithcrtlly with the olfactory nerve One of 
th«e (nervus terminalu) can be traced to the rostral part of the septal wall of either nasal chamber 
and follmvcd back through the cribriform plate to the median telencephalon near the anterior 
commissure Its central relations have not been ascertained and us function is not clearly under 

(MSermsI '' “ ■” 

The other nerve (vomeronasal) has been demonstrated in man only m the embrvo An .tn 
name implies It IS associated peripherally wth the vomeronasal organ TacoLonl U hi 
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figure No one cranial nerve has all the components here sho>vn 
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cell bodies m the ganglion, and their termination in the nucleus of the 
descending root of the fifth nerve and its chief scnsor> nucleus (Fig 219, B, 
220, B-D) Being of cutaneous origin, the> are exteroceptive There are also 
motor fibers in the mandibular division supplying the muscles of mastication 
Because these muscles are of branchiomcnc ongm, the fibers suppKmg them 
arc classified as special visceral efferent These motor fibers arise from a 
nucleus in the basal plate of the pons (Fig 219, A) The motor fibers arc 
accompanied b> a relatively large proprioceptive component These pro- 
pnoceptiv e somatic afferent neurons are peculiar in that their cells of ongm 
are located within the central nervous s>stem instead of lying in an external 
sensory ganglion as is usual with neurons of this category Their cell bodies 
constitute a nuclear mass (nucleus of the mesencephalic root of the fifth nerv e) 
which extends rostrad, into the mesencephalon, from the lev el of entrance of 
the trigeminal nerve into the pons 

Abdocens Nerve (VI) The abducens nerve takes its name from the fact 
that it controls the external rectus muscle, contraction of which makes the 
eyeball rotate outward The abducens nucleus lies m the basal plate of the 
myelencephalon (Fig 220, E, F) From its cells, fibers arise and course ventrally 
to emerge just caudal to the pons These neurons arc somatic efferent in ty’pe 
As was the case with the third nerve, there arc believed to be proprioceptive 
fibers m the sixth present along with these motor fibers 

Facial Nerve (VII) The facial nerv c is primarily efferent but the presence 
of the geniculate ganglion on its root shows that it carries also some afferent 
fibers A large part of its sensory fibers pass by way of the chorda tympani 
branch to join the lingual branch of the mandibular di\ ision of the fifth nerv e 
(Figs 216-218) These fibers arc concerned with the sense of taste and are 
classified as special v isceral afferent In addition to these fibers there are a few 
general somatic afferent fibers supply mg a small cutaneous area on the inner 
aspect of the external ear 

The motor fibers of the seventh nerv e arise from the facial nucleus situated 


m the basal plate of the myelencephalon This nucleus is first differentiated 
near the floor of the fourth ventricle in relation with the general visceral 
efferent column (Fig 220, E) Its fibers grow outward while it lies m this 
primitiv e position w hich is an indication of its primary phy logenetic relations 
Later m development the facial nucleus migrates ventrolaterad causing its 
nerve fibers to follow a strikingly bent course This bend in the facial nerve is 


known as its genu (knee) (Fig 220, F) In this migration the cell bodies have 
come into closer positional relations with the source from which they pick up 
their impulses This migration in effect shortens the dendrites, which are less 
efficient conductors, and lengthens the axons, which are better conductors 
This migration of nerve cell bodies toward the centers from which their 
dominant impulses are imtiatcd is known as neurobiotaxis The nerve fibers 
arising thus m the facial nucleus supply primarily the muscles of facial ex- 
pression It will be recalled that this group of muscles arises in connection 
with the hyoid arch (Figs 189-193) They belong, therefore, m the group of 


370 


DEVELOPMENT OF THE NERVOUS SYSTEM 


the grooved ventral aspect of the optic stalk and enter the brain in the dien- 
cephalic floor At their point of entrance some of the fibers in each optic nerve 
cross to the other side so that some fibers, from cacli eye go to each side of the 
brain The region of this crossing is knoivn as the optic chiasma (fig 236) 
From the chiasma the fibers pass along the lateral walls of the dicnccphalon 
to the visual centers of the thalamus and midbram (Sec the section on the c>c 
in the following chapter) It is customary to classify the optic nerve fibers as 
special somatic afierent 

Oculomotor Nerve (III) As its name implies, the oculomotor nerve 
contains motor fibers to muscles moving the eye The cluster of ncuroblasts 
from which it arises is located m the basal plate of the mesencephalon Its 
fibers have relations comparable to those indicated m Fig 215 for the h>po- 
glossal fibers leading away from the somatic eflerent nucleus to the intrinsic 
muscles of the tongue Emerging from the floor of the mesencephalon (Fig 
199), they pass directly to the orbital region They innervate (1) the inferior 
oblique, (2) the superior, inferior, and medial rectus muscles of the eyeball, 
and (3) the levator muscle of the upper lid These motor fibers are classified 
as general somatic efferent There arc proprioceptive endings m the e>c 
muscles giving one a sense of the position of the cjcballs It seems probable 
that the afferent fibers from these endings accompany the fibers of the motor 
nerve supplying the muscle m question Such fibers would be classified as 
general somatic afferent — proprioceptive There arc also preganglionic fibers 
en route to the ciliary ganglion where they synapse witli postganglionic fibers 
to the circular muscle of the ins and to the ciliary muscle These arc classified 
as general visceral efferent — “visceral” because the muscle supplied is smooth, 
and because the fibers m question arc part of the autonomic nervous system 

Trochlear’ Nerve (IV) The trochlear nerve is primarily a motor nerve 
to the superior oblique muscle of the eye Its nucleus of origin, like that of the 
third nerve, is located m the basal plate of the mesencephalon It is peculiar 
m that Its fibers do not leave directly from the ventral walls of the brain as 
usually happens m a somatic motor nerve Instead they pass to the dorsal wall 
of the mesencephalon and cross before emerging in the notch between mesen- 
cephalon and metencephalon (Fig 199) These fibers are somatic efferent 
Like the third nerve the fourth probably carries some general somatic afferent 
fibers of proprioceptive type from the superior oblique (trochlear) muscle 

Trigeminal Nerve (V) The trigeminal nerve takes its name from the 
fact that It has three mam divisions the ophthalmic, the maxillary, and 
the mandibular (Figs 216-218) As is indicated by its large semilunar (Gas- 
serian) ganglion, the fifth nerve has great numbers of sensory fibers These 
are general somatic afferent fibers of the type shown in Fig 215 with their 


^ Not even sufficient knowledge of Greek to recogniae in the name trochlear the root meaning 
‘niillev’ IS of much, help m understanding its signtG^ce One has to find that the nerve takes its 
a f from an old appellation of the supenor oblique muscle to which it runs This muscle was 
fotrocrly known as the trochlear muscle because its tendon passes through a pulleylike fibrous loop 
attached to the eye socket 
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branchiomeric muscles, and the nerve fibers to them belong in the special 

Visceral efferent category , rr . 

In addition to the special, there are general visceral efferent component 
m the setenth nerve These are preganglionic neurons for the parasympatlie ic 



Fio 218 Schcimtic diaiyram shouing trunks and mam branches of the 
cranial nerves in the adult (Redrawn, with some modification, from Coming ) 
The color scheme corresponds with that of Figs 216 and 217 


chains to the lacrimal gland b> way of the sphenopalatine ganglion, to the 
submaxillar> gland b> way of Langley’s ganglion lying m the stroma of the 
gland near its mam duct (Fig 215), and to the sublingual gland by way ol 
the submaxillary ganglion 

Auditory Nerve (VIII) At first the ganglionic mass from whicli the 
fibers of the eighth nerve arise is closely associated with the geniculate ganglion 
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the two following illiistraiions on the cranial nerves, Figs 217 and 218 
In Figs 189, 190, 192, and 193 the developing muscles of this region have 
been diagrammed using the same series of colors to indicate the nerves 
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f .hr nerve Gradual!) these ganglia beeoroc entirely distinct Still 

,.lrr the ganglion ol rsiroT^r* 

r2“ i; rsi“ u b«i. 

one associated with each ganglion Meanwhile, the otic vesicle has diffc 
entiattd into two distinct parts— the cochlea, which is the organ of hearing, 
and the group of semicircular canals which constitute an organ of equ.libra- 
uon The spiral ganglion and the cochlear branch of the eighth nerve become 
associated with L auditory part of the mechanism The ves.jbular ganglion 
and its branch of the eighth nerse become associated with the semicirculai 
canals The auditor) and equihbratory fibers have the general relations 
indicated in Fig 215 They both belong tn the special somatic afferent cate- 
Korv Because the auditory fibers arc concerned m transmitting impulses 
which have been initiated m the surrounding environment, they arc sub- 
classvfied as exUrocepine The vestibular fibers are concerned with impulses 
ongmatmg m the ampullae nf the semicircular canals and the maculae 
of the sacculus and the utrvculus which arc concerned with controlling 
bod) position They are, therefore, classified as special somatic afferent— 


propnoceptive 

Glossopharyngeal Nerve (IX) The gIossophar>ngcal is a mixed ntr\e, 
but by far the greater number of its fibers are sensor> The ganglion cells 
from N\h\ch these sensory fibers arise arc grouped m two clusters, one near the 
root of the nerve (superior ganglion), and one farther peripherally on its 
course (petrosal ganglion) (Figs 216-218) The cell bodies m the superior 
ganglion give rise to fibers which innervate a small inconstant cutaneous area 
of the external ear These neurons arc therefore general somatic afTerent— 
exteroceptive The petrosal ganglion contains cell bodies gu mg rise to visceral 
afferent fibers Some of these, being concerned with general sensibility m the 
region of the root of the tongue and the oropharynx, are general visceral 
afferent Other fibers innervate taste buds m the root of the tongue and are 


special visceral afferent 

The glossopharyngeal nerve, like the facial, contains both special and 
general visceral efferent components The special visceral efferent fibers arise 
from a nuclear column (nucleus ambiguus) common to this component m 
the glossopharyngeal, the vagus and the bulbar (bram-stem) portion of the 
accessory nerv e (Fjg 219, A) These fibers m the ninth nerie supply thestylo- 
pharyngeus muscle (Figs 189, 190, 193) The general visceral efferent fibers 
of the ninth nerve arise from cells m the inferior salivatory nucleus and con- 
stitute the preganglionic elements m the parasympathetic chain to the parotid 
gland by way of the otic ganglion 

Vagus Nerve (X) The vagus is a mixed nerve carry mg five different ty pes 
of fibers General somatic afferent fibers arise from cells in itsjugular ganglion 
and extend peripherally to the skm in the region of the external ear General 
visceral afferent fibers arise from cells in the nodose ganglion and extend 
peripherally to the pharynx, larynx, trachea, esophagus, and to the thoracic 
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and a considerable portion of the abdominal viscera Special visceral afferent 
fibers having their cells of origin in the nodose ganglion carry gustatory 
impulses from scattered taste buds in the epithelium of the epiglottis 

From the nucleus ambiguus in the myelenccphalon (Fig 219, A), special 
Visceral efferent fibers extend to branchiomeric muscles of the pharynx and 
the larynx General visceral efferent fibers arise from the dorsal efferent 
nucleus (Fig 220, G, D) This nucleus is a local specialization of the general 
visceral efferent column (Fig 215) from which other cranial parasympathetic 
preganglionic fibers arise These preganglionic fibers m the vagus nerve con- 
stitute the first neuron m a two-neuron parasympathetic chain suppl>ing the 
thoracic, and a considerable portion of the abdominal viscera The> synapse 
with second-order neurons in terminal ganglia situated m or near the organ 
they supply 

Accessory Nerve (XI) The accessory nerve has two parts — a cranial 
( (bulbar) portion and a spmal portion The cranial portion is really a caudal 
extension of the vagus, and its fibers correspond to the general and the special 
I visceral efferent components of the vagus nerve The spmal portion of XI is 
^ not reall> a cranial nerve although its close association with the cranial por- 
tion of the accessory nerve where they leave the skull has led to their being 
' considered together in descriptive anatomy The cells of origin of the spinal 
I portion of the accessory nerve lie m the ventral columns of the first five or 
SIX cervical segments of the spmal cord The fibers emerge laterall) and join 
each other to form an arched bundle ascending through the foramen magnum 
to leave the skull adjacent to the fibers of the cranial portion of the accessory 
nerve They supply the sternocleidomastoid and trapezius muscles One would 
) regard them as special visceral efferent if one held that these muscles were of 
^ branchiomcnc origin If one believed them to be of somitic origin the nerve 
fibers supplying them would be regarded as general somatic efferent 

In embryos of six to eight weeks there is a strand of ganglionic cells (acccs- 
^ sory or commissural ganglion) extending from the jugular ganglion caudally 
> along the rootlets of the accessory nerve The most caudal part of this gan- 
j glionic strand shows an enlargement known as Fronep’s ganglion (Fig 199) 

In the adult the entire ganglionic strand disappears almost completely, being 
represented only b> variable vestiges of Fronep’s ganglion, and occasional 
^ nerve cells along the course of the eleventh and Uvelfth nerves The chief 
™ interest attaching to this ganglionic strand which is so well marked in the 
^ embryo is the evolutionary implication of the presence of ganglionic compo- 
\ nents m relation to the developing eleventh and twelfth nerves 
, Hypoglossal Nerve (XH) The hypoglossal nerse is composed chiefly of 
somatic efferent fibers to the intrinsic muscles of the tongue (Fig 215) These 
, fibers arise from the elongated hypoglossal nucleus in the caudal part of the 
■ myelenccphalon (Figs 219, A, 220, C, D) In young embryos fibers from cells 
in the commissural ganglia, especially Fronep’s ganglion, may be seen to 
join some of the rootlets of the hypoglossal nerve Later m development these 
fibers lareelv disannear 
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Fio 220 Cross-sections of cord and medulla comparing manner of origin 
of spinal and cranial nerves A, Thoracic cord of 14 8 mm embryo to sho\s 
origin of typical spinal nerv e B, Lower part of medulla for comparison w ith cord 
structure C, Medulla of 15 mm embryo at level of upper rootlets of nerves X 
and XII D> Medulla of 73 mm embryo at level of upper rootlets of nerves X 
andXII ComparevvithC E, Medulla of 15-mm embryo at level of pons show- 
ing the roots of nerves VI and VII F, Medulla of 73 -mm embr)o at level of 
pons showing the roots of nerves VI and VII Compare with E 

Ahhrtuaitons Acc , accessory, Aff, afferent, Col , column, Desc , descend- 
ing, Eff, efferent, Fasc Sol , fasciculus sohtanus, Gn , ganglion, Inf , inferior, 
Tue jugular, N A , nucleus ambiguus, note that in the younger stag^C) it is 
not separated from the general afferent column as hardens ^^ter (D) Xhe 
nnrleus ambiguus, since it supplies skeletal muscle of branchiomenc ongm 
rather than smooth muscle, is classified as a special visceral erent nucleus 
nucleus, R. restiform body. Rhomb, rhombic, Sp , special, Vise, 
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thetic chain has a retarding action It is interesting that m this case the para- 
sympathetic has an accelerating function, the reverse of its effect on the heart 
Again m tlie case of the eye, the parasympathetic mnerv'ation through the 
- ciliary ganglion causes a decrease in the size of the pupil, whereas the s)Tmpa- 
3 thetic innervation by way of the superior cervical ganglion produces dilation 
Many other such cases could be cited but the examples given serve to illus- 



^^^ 221 The autonomic nervous system of a human embryo (16 mm) 
of the seventh week (After Streeter — redrawn with slight modifications ) 

trate the importance of the autonomic nervous system m the regulation of 
organ function 


DEVELOPMENTAL ABNORMALITIES OF THE 
NERVOUS SYSTEM 


Low-grade Intelligence The most serious defects of the nervous svstem 
rom the standpoint of human progress are neither externally manifest nor 
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AUTONOMIC NEIIVOUS SYSTEM 

riic aiitonomjc nervous sjsicin convisK of t s>iiipathrtic and a para 
sympathetic division lioth tlicsc divisions art composed of charactcnsti 
two-neuron efTcicnt chains Iht cell body of the first neuron in such a cliai: 
lies m the central ntrsous system It is, therefore, m temis of tlic dircctionc 
conduction, ithfad of a ganglion, and for this re ison is commonly designate 
as a jifegaugltonic neuron The cell Ixxly of the second neuron m the chain i 
situated m a prevcrtebral (chain) ganglion, or m a toll ilcral ganglion of ih 
sympathetic dnision, or in a tcnninnl ganglion of the parasyanpithcii 
division In such a ganglion the second neuron ricencs impulses from ih 
first (preganglionic) member of the chain '‘Ilus second neuron which rcliy 
the impulse be}ond the ganglion to its destination is caWed poslganglionic 

The s)rnpallielic dntsion arises from the ccninl nervous svstem b\ pregan 
ghonic neurons with cell Ixidtes situated in the thoracic and llic first thrr 
lumbar segments of the spinal cord The |K)stganghonic neurons of this per 
tion of the autonomic nervous system lie m the chain and collateral gangli 
(Figs 200, 221) 

The para^mpathetic division of llic nutonornic nervous system has the cd 
bodies of its preganglionic components either m the brain or m the second t( 
fourth sacral segments of the spinal cord Because of the origin of their pregan 
glionic components, the syanpathctic portion of the autonomic nervous systcr 
IS frequently designated as thoracolumbar, ind the p irasympathclic poriioi 
as craniosacral In their peripheral disinbuiion both these divisioas of tlu 
autonomic nervous system send postganglionic fibers to praciic«all> all tin 
viscera, and to certain structures within the head, such as the salivary gland 
and the Ciliary muscle of the eye There is therefore, in these tvvo sv'stcms "id 
different central origins, a nearly complete overlap in distribution to interna 
organs This results in the so-called double innervation of the viscera by tht 
autonomic nervous svstem This is the mechanism underlving the control 
responses of alternative types A good example of such double innervation 
and control is afforded by the heart From the Uioracic cord preganglionic 
fibers extend to the chain ganglia where they syaiapsc witli postganglionic 
neurons reaching the heart Stimulation of this neuron arc causes accelcratioi 
of the heart rate In addition to these libers from the thoracolumbar (sympa 
thetic) part of the system, the heart receives craniosacral (parasympathetici 
innervation This comes by way of preganglionic fibers arising from eel 
bodies in the medulla which send their processes peripherally through th< 
vagus nerve to terminal ganglia on the heart, where they synapse vvid 
postganglionic neurons Stimulation of this parasympathetic chain causes i 
retardation m heart rate 

The innervation of the heart outlined m the preceding paragrapj^ is 
one example of the interplay of the sympathetic and parasympathetic du 
of the autonomic nervous system which occurs in like manner m many other 
organs Thus stimulation of the vagus (parasympathetic) increases peristalsis 
m the gastro-intestinal tract whereas stimulation ot the appropriate sympa. 
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Fic 228 Stages in development of sensory nerve endings A-D, Development of circom 
vallate papilla (adapted from vanous sources especially GrAberg and Arcy) E-G, Develop- 
ment of taste buds (after Graberg) (E At 110 mm F at 213 mm G Pore of bud nigWy 
magnified, at 213 mm ) H Nerve loops €>f developing ^^elssner corpuscle from seven month 
human embryo (after Tcllo and Arey) I, Adult hfetssner corpuscle J-L, Stages in develop 
ment of a Pacinian corpuscle (after Pilalc inT 3ofArch Russe Anat Hist ^Lfcmb 1925) J 
From skin of finger of 73 mm humanembryo K,FromllOmm human embryo L Froml40- 
mm human embryo Af Developing nerve libm around hair shaft of young mouse (Tello, 
1923) Aiirecialions A Superficial terminations about exit of hair B deep terminations abewt 
hair shaft C, nerve nng about hair shaft, Af, nerve fibers P hair shaft S sebaceous 
N Developing neuromuscular and ncurotendinous endings from 12-day chick embryo 
1917) Aibreviations a. Muscle, c tendon J, nerve fiber r nerve terminations m muscle / 

nerve tcnmnation m tendon O Developing neurotendinous fibers from human embryo of six 

months (Tcllo 1917) Abbrevtattom C tendon fibers, F nerve fibers G, H, terminal nerve 

t connective tissue of blood vessel wall P Developing neuromuscular fibers from si< 

hJtman cmbrvo (Tello 1917) Abbrenations A, skeletal muscle fiber C connective tiKue 
sheath D nerve fibers to developing spindle G, developing terminal fibers of spindle, 
if motor nerve fiber 
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strate the young nerve fibers The developing capsular connective tissue, 
however, is sufficiently clearly visible m routine hemato\)lin and eosm sec- 
tions of older fetuses to suggest the adult arrangement (Fig 228, 1) 

The Pacinian corpuscles develop in a manner much similar to that just 
described for tactile corpuscles The terminal nerv'e fiber of the Pacinian cor- 
puscle tends to lose some of its carl> branches and to form an axially located 
main strand with short, thorny -appearing side branches The secondary 
conneclivc-tissue encapsulation becomes much heavier and ulumateW suggests 
the concentric layering of an onion (Fig 228, J-L) 

Neuromuscular and Neurotendmous Endings Closely akin to the 
sensory nerve endings of the preceding group arc the neuromuscular and 
neurotendmous endings which appraise us of the position of the body and its 
parts The neuromuscular spindles arc essentially tclodendria wrapped 
spirdlly around muscle fibers and secondarily encapsulated m connective 
tissue They respond to changes m the degree to which the muscle fibers arc 
stretched The neurotendmous endings consist of tclodendna which spread m 
a richly branching pattern among the tendon fibers The tendon fibers and the 
associated nerve endings become encapsulated m a common connective- 
tissue investment The richly branching young nerve fibers whirh arc destined 
to give rise to neuromuscular and neurotendmous endings can be demon- 
strated in cnribryos about midway of their developmental period (Fig 228, N), 
but their final characteristic course m relation to individual muscle or tendon 
fibers IS not established until somcwliat later (Fig 228, O, P) 

ORGANS OF TASTE 

In primitive watcr-livmg forms there is what is often referred to as a gen- 
eral chemical sense which is the forerunner of our own more specialized senses 
of taste and smell This general chemical sense of course depends on materials 
going into solution, m the surrounding medium and then reacting chemically 
'vith the exposed ends of sensory cells The basis for the differentiation of 
highly specialized organs of taste and smell appeared only when, in evolution, 
certain forms began to live m the air Even m our sense of smell which has 
become a “distance receptor,” appraising us of the nature of substances which 
uiay be located at a remote point, this basic method of response is retained 
in a slightly modified form Air-borne particles emanating from the odorous 
material go into solution on our nasal mucous membranes, m the waterv 
se^etion provided by special glands Thus in its final analysis smell remains 
^ “solution sense ” 

Structural Plan, of Mammalian Gustatory Organs In thfe gustatory 
organs of all the higher vertebrates the cell bodies of the pnmarv sensory neu- 
he m ganglia adjacent to the brain In association with the peripheral 
rues of these neurons, certain cells m the orophai yngeal epithelium 
eveJop bristielikp processes projectmg tlirough the epithelial surface and 
c ing as specialised receptors Such modified epithelial cells arc known as 
neuromasts The term neuromast is a general one 
2pp les to any epithelial cell acting as an activator of the distal end of a 
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Fig 229 Parasagittal sections of young human embiy os showing some of the 
steps in the development of the nasal chambers A, Olfactory placode at five 
ueeks (7 5 mm) B, Blind nasal pit at sik weeks (11 5 mm) C, Nasal pit 
shortly after it has broken through into upper part of oral cavity during seventh 
vv eek (1 5 mm ) D, Nasal passages lengthened by formation of palate, ninth \v eek 
(32 mm ) 

Abbreitattons Cone , nasal concha, Corp Str , corpus striatum, Cr , cricoid 
cartilage of larynx, Ep , epiglottis, Eth , cribriform plate of ethmoid, Hy , 
hyoid cartilage. Hyp, hypophysis, Olf, olfactory. Opt Ch , optic chiasma. 

Pal Sh , palatal shelf, Thym , thymus, Thyr , thyroid 

pits (Fig 229, B) Surrounding the nasal pits the mesenchymal tissue pro- 
liferates rapidly so that the pits are deepened both by their own progressive 
invagination, and by the forward growth of the surrounding tissue The 
bordering elevations become horseshoe-shaped with their open ends toward 
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sensory neuron, for example, the cells m the ampullae of the semicircular 
canals (Fig 227, D) The deep ends of such cells arc m physiological associa- 
tion with a baskethke arrangement of telodcndria which unite m a long process 
leading back to the cell body of the primar>' sensory neuron In mammals the 
neuromasts concerned with the gustatory sense arc grouped in small ovoid 
clusters with supporting cells around and between them Such a cell group 
IS known as a taste bud (Fig 227, F) Taste buds arc situated for the most part 
m the epithelial layer of tlic fungiform and circumvaliate papillae of the 
tongue, although scattered ones occur in the pharyngeal epithelium 

Development of Lingual Papillae Wlicrc a circumvaliate papilla is 
destined to be developed the epithelium of the tongue begins, during the third 
month, to grow into the undcrl>mg mesenchyme m the form of a circular 
lamina (Fig 228, B) This originally solid epithelial lamina soon opens into a 
shthke groove which circumscribes the papilla (Fig 228, C, D) and by its 
relations gives this particular type of lingual papilla its name The circumval- 
iate papillae, usually 9 to 11 in number, develop along a V-shaped ridge at 
the boundary between the body and the root of the longue (Fig 252) The 
fungiform papillae arise m a somewhat similar manner but they arc smaller 
than the circumvaliate papillae and, instead of being flat-topped and sur- 
rounded by a trench, they rise as rounded elevations above die general sur- 
face level The filhform papillae have a base still smaller than the fungiform 
and their top develops irregular slu^ds of keratinized epithelial cells 

Histogenesis of Taste Buds Soon after the lingual papillae have begun 
to take shape, taste buds become recognizable m the epithelium of the 
fungiform and circumvaliate ty^ies The first indication of this process is 
given m the fourth month by the curious pale staining reaction of a group 
of cells at the point where nerve fibers reach the epithelium (Fig 228, E) 
By the sixth month this pale staining cell group has become much more 
sharply delimited (Fig 228, F) and a definite pore opening on the surface is 
formed at its apex (Fig 228, F, G) The full> developed taste bud (Fig 227, 
F) shows axially a group of neuro-epuhclial cells each with a slender, bnsUe- 
like process extending through the pore to the surface Encasing the neuro- 
epithelial cells are tall, compressed supporting cells, a few of them in between 
the sensory cells, but most of them arranged around the outside of the taste 
bud, like two or three layers of overlapping barrel staves Nerve fibers enter 
the base of the taste bud and break up into a basket-work around the neuro- 
epithelial cells These fibers are activated by physiologic changes m the 
neuro-epithelial cells and relay to the central nervous system the impulses 
initiated by the response of these receptive cells to chemical stimulation 

OLFACTORY ORGAN 

Development of Nasal Chambers The first indication of the formation 
of the nose is the appearance during the fourth week of a pair of thickened 
areas of ectoderm on the frontal aspect of the head These thickenings are 
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as the olfactory placodes (F.g 229, A) The placodes ^ 

^ they are formed, begin to sink below the general surface level so that the 
tbiekeLd epithelium comes to constitute the floor of the olfactory (nasal) 
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the mouth The two limbs of the nasal elevations arc named, on the basis of 
their positions, the nasomcdial and the nasolateral processes (Fig 247, C) 
At first the nasal pits are far apart, each being well to the side of the young 
facial region (Fig 247, B) As development progresses, the two nasal pits and 
their associated processes converge toward Uie mid-hne (Fig 247, B-F) The 
nasomedial processes of either side eventually fuse with each other to form 
the medial portion of the upper hp and the septum of the nose, and the naso- 
lateral processes become the alae of the nose 

While these changes arc going on CKtcrnallj, the nasal pits arc becoming 
progressively deeper and extending downward toward the oral cavity (Fig 
229, B) During the seventh week the tissue separating the nasal pits from the 
oral cavity becomes thinned to merely a double layer of epithelium — the 
oro-nasal membrane When this breaks through, as it soon docs, the nasal 
pits open freely into the oral cavity just caudal to the arch of the upper jaw 
(Fig 229, G) The formation of the palate by the fusion of the palatal shelves 
greatly lengthens the original nasal chamber (Fig 229, D) (Sec also the sec- 
tion on the formation of the palate m the following chapter, especially Fig 
250) 

Nasal Conchae In the lateral walls of the nasal chambers, elevations 
appear which later become converted into the scroll-likc nasal conchae The 
conchae are supported in young embryos by the turbinate cartilages (Fig 259) 
which later ossify to form the thm turbinate bones During intra-uterine life 
there is a more elaborate senes of conchae than in tlic adult, but even m his 
fetal stages man show s conchae which are poorly dev eloped as compared with 
those mammals in which the sense of smell plays an important r61e m food 
getting, 01 in avoidance of their enemies Of the fetal conchae (Fig 230, A) 
the maxillo-turbinal is the first to develop and the largest It is converted with 
little change m its relations into the inferior concha of the adult (Fig 230, C) 

Above the maxiUo-turbmal is a senes of five ethmo-turbmals each one a little 
smaller than the one below it The first (lowest) cthmo-turbinal forms the 
middle concha, and the second and third merge to form the superior concha 
Ordinarily, the uppermost ethmo-turbmals m man undergo regression but 
occasionally they give rise to a concha suprema A small elevation rostral to 
the ethmo-turbmals, known as the naso-turbmal, forms in the adult the incon- 
spicuous rounded elevation called the a^er nasi (Cf Fig 230, A, C ) 

Olfactory Area The epithelium Immg the nasal chamber is at first of the 
simple cuboidal to columnar type, like almost all the epithelial layers in a 
young embryo It gradually becomes transformed through most of its extent 
into a pseudostratified to stratified columnar ciliated epithelium with many 
goblet cells The middle of the roof of each nasal chamber and the lining for a 
distance of 8-10 mm onto the septum medially and about the same distance 
onto the superior concha laterally constitute the olfactory area In this area 
goblet cells are absent and the tall columnar cells of the layer lack ciha and 
serve as supporting ceils The cells which are destined to act as olfactory 
receptors develop bristlehke processes distally which project through the 
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Fig 230 Development of nasal conchae and paranasal sinuses (Adapted 
from a number of sources, chiefly Kiilian, Arcy, and Torrigiani ) A, Lateral 
^\ all of fetal nose to shou turbinaJs B, Medial >vall of fetal nose sho\\ mg location 
of Jacobson’s organ C, Lateral wall of adult nose to show relations of conchae 
and paranasal sinuses D, Schematic frontal section of one side of head to shou 
postnatal growth of paranasal sinuses A = adult, V = newborn, S — senile 
The numbers indicate ages m years 


extensions of the nasal mucosa are known as the paranasal sinuses They are 
named on the basis of the bone in which their cavity is located and include 
the irregular group of ethmoid cells, the frontal sinuses, the maxillary sinuses, 
and the sphenoid sinuses (Fig 230, G) Except for the sphenoid sinuses, which 
are not formed until after birth, these sinuses make their first appearance 
during the fourth or early in the fifth month of fetal life In their formation 
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the mouth The two limbs of the nnsal elevations arc named, on the basis of 
their positions, the nasomcdial and the nasolatcral processes (Fig 247, C) 
At first the nasal pits arc far apart, each being well to the side of the young 
facial region (Fig 247, B) As development progresses, the two nasal pits and 
their associated processes converge toward the mid-hnc (Fig 247, B-F) The 
nasomedial processes of either side eventually fuse with each other to form 
the medial portion of the upper )ip and the septum of the nose, and the naso- 
lateral processes become the alac of the nose 

While these changes arc going on externally, the nasal pits arc becoming 
progressively deeper and extending downward toward the oral cavity (Fig 
229, B) During the scventli week the tissue separating the nasal pits from the 
oral cavity becomes thinned to merely a double layer of epithelium — the 
oro-nasal membrane When this breaks through, as it soon does, the nasal 
pits open freely into the oral cavity just caudal to the arch of the upper jaw 
(Fig 229, C) The formation of the palate by the fusion of the palatal shelves 
greatly lengthens the original nasal chamber (Fig 229, D) (See also the sec- 
tion on the formation of tlic palate m the following chapter, especially Fig 
250) 

Nasal Conchae In the lateral walls of the nasal chambers, elevations 
appear which later become converted into the scroll-hkc nasal conchae The 
conchae are supported in young embryos by the turbinate cartilages (Fig 259) 
which later ossify to form the ihm turbinate bones During mtra-uterinc life 
there is a more elaborate series of conchae than m the adult, but even in his 
fetal stages man shows concliae which arc poorly developed as compared with 
those mammals in which the sense of smell plays an important r61e in food 
getting, or in avoidance of their enemies Of the fcti) conchae (Fig 230, A) 
the maxillo-turbinal is the first to develop and the largest It is converted with 
little change in its relations into the inferior concha of the adult (Fig 230, C) 
Above the maxillo-turbmal is a series of five cthmo-turbinals each one a little 
smaller than the one below it The first (lowest) ethmo-turbmal forms the 
middle concha, and the second and third merge to form the superior concha 
Ordinarily, the uppermost ethmo-turbinals m man undergo regression but 
occasionally they give rise to a concha suprema A small elevation rostral to 
the ethmo-turbmals, known as the naso-turbinal, forms m the adult the incon- 
spicuous rounded elevation called the a^;er nasi (Cf Fig 230, A, C ) 

Olfactory Area The epithelium hnmg the nasal chamber is at first of the 
simple cuboidal to columnar type, like almost all the epithelial layers in a 
young embryo It gradually becomes transformed through most of its extent 
into a pseudostratified to stratified columnar ciliated epithelium with many 
goblet cells The middle of the roof of each nasal chamber and the lining for a 
distance of 8-10 mm onto the septum medially and about the same distance 
onto the superior concha laterally consutute the olfactory area In this area 
goblet cells are absent and the tall columnar cells of the layer lack cilia and 
serve as supporting cells The cells which are destined to act as olfactory 
receptors develop bristlelike processes distally which project through the 
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Other basic facts to have clearly m mmd at the outset concern the different 
sources from which various pans of the complex visual organ derive their 
primordia The retma, as has just been emphasized, arises as a segregation 
and specialization of a portion of the brain wall, but the cr> stalhnc lens w hich 
brings the light rays to proper focus on the photoreceptive cells of the retina 
IS developed from a secondary ingrowth of the superficial ectoderm The 
supporting investment of tough connective tissue, called the sclera, u hich gi\ cs 
the eyeball its shape and, by acting against internal fluid pressure, permits 
It to develop the necessary firmness, arises from a concentration of mesenchj- 
mal cells about the optic cup The eyelids are formed from folds of skin after 
most of the other parts of the eye have been established The special groups 
of muscles which mo\e the eyeballs are molded from concentrations of meso- 
dermal cells which are believed to stem, phylogeneticallv, from primitive 
head somites no longer identifiable as such in mammalian embryos The fact 
that there are so many growth processes which start more or less independently 
and then become co-ordinated determines the plan which must be followed 
m the presentation of eye development The early differentiation of each of 
the component parts must first be followed to a point where it is ready to fall 
into Its place m the general organization Not before this groundwork has been 
laid can one logically discuss the later changes m any of the regions where these 
parts are becoming interrelated 

Primary Optic Vesicle In human embryos the evagination of the optic 
vesicles begins very early By the middle of the third week (embrvos of 7 to 9 
somites) depressions appear m the still open neural plate where it widens out 
in the future forebrain region These early depressions are c illed the optic sulci 
(Fig 49, B) They are the initial shallow concavities that later become 
deepened to form the optic vesicles * After the neural plate m the brain region 
has been closed, the optic vt sides appear in external views of reconstructions 
of the central nervous system as rounded protuberances from the lateral walls 
of the forebrain (Fig 66, A) 

Formation of Optic Cup from Primary Optic Vesicle In an embryo 
toward the end of the fourth week, the lumen of the primary optic vesicle is 
still broadly continuous with the lumen of the forebrain, and the walls of the 
vesicles show little differentiation from the condition of the parent forebrain 
walls (Fig 231, B) At the start of the fifth week, the distal portion of the optic 
vesicle begins to flatten (Fig 231, C) and very soon thereafter to become 
invagmated so that the smgle-walled primary vesicle becomes transformed into 
the double-walled optic cup (Fig 231, D) As the invagination becomes more 
complete, the original lumen of the optic vesicle is reduced to a vestigial slit 
between the inner and outer layers of the newly formed cup (Fig 231, C-F) 
At the same time there is rapid differenuation of the two layers of the cup 
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there IS an invasion of the bone by an outgrow th of the nasal mucosa, and the 
excavation of the bone to form the expanding sinus seems to be m some way 
activated by these mucosal outgrowths All the sinuses arc still very small at 
the time of birth and indeed do not attain their full size until many years 
later An indication of the rate of their expansion is given graphically m 
Fig 230, D 

Abnormalities of the Nose Disturbances involving the failure of the 
nasal pits to develop normally seem to have a curious sequel in the way the 
tissue constituting the nasal processes grows There is a strong tendency for 
the nasal processes m such eases to develop into cylindrical masses of soft tissue 
projecting — proboscis-hkc — from the face The “proboscis” may represent 
both halves of the nose fused with each other into a single median structure 
(Fig 255, D), or each nostril may be represented by a separate roll of flesh 
Sometimes when they arc thus separate, these curious structures are carried 
to bizarre asymmetrical locations (Fig 255, F) Ordinarily m such malforma- 
tions there IS little more than a surface dimple indicating where the nostril 
should ha\ e been 

Among the exceedingly rare anomalies of the face is a condition in which 
the two halves of the nose remain m their primitive lateral locations without 
converging to meet each other m the mid-hne Such a defect is usually com- 
bined with other disturbances of growth m tlic median portion of the head 
(Fig 255, A) There arc, however, a few eases on record m which the 
separation of the two halves of the nose is the only conspicuous malformation 

There is a considerable period during development when the external 
narcs arc normally occluded by a solid mass of epithelium In occasional 
cases these epithelial plugs fail to regress, with a resultant atresia of tlie nasal 
openings (Fig 255, C) 

By all odds the commonest developmental defect affecting the nasal region 
IS the failure to form a propicr floor of the nasal chambers which occurs m 
cases of cleft lip and cleft palate This condition is discussed m the next 
chapter m connection with the development of the oral region 

THE EYE 

The study of young embryos has already made us familiar with the 
general nature of the processes involved in the establishing of the primary 
optic pnmordia Certain points should, however, be emphasized again at the 
outset of this section on the later development of the eye Probably most 
important among them is the fact that from a developmental standpoint the 
eye is radically different from other general or special sense organs m that its 
receptiv e area, the retina, is m reality part of the wall of the brain earned out 
first as a vesicle (Fig 231, A, B), and then eonvt rted into a cup (Fig 231, D, 
E) with the lining of the cup containmg the cells which are specialized to form 
the light-sensitive elements This manner of origin carries as a corollary the 
fact that what m descriptive anatomy is called optic nerve is in reality not a 
typical nerve but a fiber tract which develops along a stalk of brain tissue 
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The outer layer becomes much thinner, and by the si\th week begins to show 
melanin granules which foreshadow its ultimate conversion into the pigment 
layer of the retina The inner layer of the cup becomes much thickened, 
indicative of its start on the elaborate senes of changes bv w hich it w ill become 
the sensory layer of the retina 

The invagination tv Inch forms the optic cup does not occur at the center 
of the optic vesicle, but eccentncalh toward its ventral margin This makes a 
gap in the continuity of the wall of the optic cup which is known as the choroid 
fissure This fissure is most clearly seen m parasagittal sections of the head that 
cut through the nm of the optic cup (Fig 220, A) In reading transverse 
serial sections the ventral lip of the cup will seem suddenly to drop out as the 
plane of sectioning comes into the fissure Sections which do not pass quite 
symmetrically across the head frequently show an apparently complete optic 
cup on one side, and one without a ventral hp on the other side where the 
plane of sectioning coincides with the choroid fissure (Fig 55, B) The gap in 
the ventral side of the optic cup is carried back onto the optic stalk as a 
groove (Figs 235, A, 237, A) As vve shall sec later, it is through this opening 
in the walls of the cup, and along ilie groove m the optic stalk, that the optic 
nerve grows 

Establishing of the Lens While these changes have been going on m the 
optic cup, the primordium of the lens is laid down At about the end of the 
fourth or the beginning of the fifth week (embryos of 4 to 5 mm ) the super- 
ficial ectoderm immediately overlying the optic cup begins to develop a local 
thickening known as the lens placode (Fig 231, C) As the cavity in the 
optic cup deepens, the lens placode becomes mvaginated into the cup to form 
an open lens vesicle, sometimes called the Itns pit (Fig 231, D) During the 
fifth week, the lens vesicle becomes closed (Fig 231, E) and then breaks away 
completely from the parent ectoderm to constitute a rounded epithelial body 
lying in the opening of the optic cup (Fig 231, F) Before the end of the sixth 
week, the cells on the deep pole of the lens are beginning to elongate, presaging 
their transformation into the long transparent elements known as lens fibers 
(Fig 231, F) 

Later Development of the Lens The cells that form the front surface 
of the lens do not show the tendency to elongate exhibited by the cells on the 
deep surface They constitute a cuboidal to low columnar layer known as the 
lens epithelium (Fig 232, A) By the end of the seventh week (embryos of 
17 to 20 mm ), the lens fibers have elongated sufficiently to make contact 
With the lens epithelium, thus reducing the original cavity in the lens vesicle 
to a potential slit In the living condition and in undistorted preparations the 
two layers are in contact but the shrinkage involved in fixation usually 
opens the slit to vary mg degrees 

The formation of lens fibers b> no means ceases when the lens has become 
thus solid This forms but the core of the lens, about which new fibers continue 
to be added throughout fetal life and into the postnatal period The new 
lens fibers arise from cells proliferated m an equatorial zone about the lens 
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E 7 mm F. 10 mm 


Fic 231 Early development of optic cup and Jens Photomicrographs and 
drawings from various sources placed m corresponding orientation and brought 
to same magnification (X 100) A, From Heuser B, From Fischel C, D, E, 
From Ida Mann F, From Prentiss 
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The outer layer becomes much thinner, and by the si\th \veck begins to show 
melanin granules which foreshadow its ultimate conversion into the pigment 
layer of the retina The inner layer of the cup becomes much thickened, 
indicative of its start on the elaborate senes of changes by which it w ill become 
the sensory layer of the retina 

The invagination which forms the optic cup does not occur at the center 
of the optic vesicle, but eccentrically toward its ventral margin This makes a 
gap m the continuity of the wall of the optic cup which is known as the choroid 
fissure This fissure is most clearly seen in parasagittal sections of the head that 
cut through the nm of the optic cup (Fig 229, A) In reading transverse 
serial sections the ventral hp of the cup will seem suddenly to drop out as the 
plane of sectioning comes into the fissure Sections which do not pass quite 
symmetrically across the head frequently show an apparently complete optic 
cup on one side, and one without a ventral lip on the other side where the 
plane of sectioning coincides with the choroid fissure (Fig 55, B) The gap m 
the ventral side of the optic cup is carried back onto the optic stalk as a 
groove (Figs 235, A, 237, A) As we shall see later, it is through this opening 
m the walls of the cup, and along the groove m the optic stalk, that the optic 


nerve gro'vs 

Establishing of the Lens While these changes have been going on m the 
optic cup, the primordmm of the lens is laid down At about tlic end of the 
fourth or the beginning of the fifth week (embryos of 4 to 5 mm ) the super- 
ficial ectoderm immediately overlying the optic cup begins to develop a local 
thickening known as the lens placode (Fig 231, C) As the cavity m the 
optic cup deepens, the lens placode becomes mvagmated into the cup to form 
an open lens vesicle, sometimes called the lens pit (Fig 231, D) During the 
fifth week, the lens vesicle becomes dosed (Fig 231, E) and then breaks away 
completely from the parent ectoderm to constitute a rounded epithelial body 
lying m the opening of the optic cup (Fig 231, F) Before the end of the sixth 
week, the cells on the deep pole of the lens arc beginning to elongate, presaging 
their transformation into the long transparent elements known is lens fibers 
(Fig 231, F) 

Later Development of the Lens The cells that form the front surface 
of the lens do not show the tendency to elongate exhibited by the cells on the 
deep surface They constitute a cuboidal to low columnar layer known as the 
lens epithelium (Fig 232, A) By the end of the seventh week (embryos of 
17 to 20 mm ), the lens fibers have elongated sufficiently to make contact 
with the lens epithelium, thus reducing the original cavity m the lens vesicle 
to a potential slit In the living condition and in undistorted preparations the 
two layers are in contact but the shrinkage involved in fixation usualK 
opens the slit to varying degrees ^ 


The formation of lens fibers by no means ceases nhen the lens has become 
hus solid This forms blit the core of the lens, about which new fibers continue 
to be added throughout fetal life and into the postnatal period The new 
lens fibers arise from cells proliferated m an equatorial zone about the lens 
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which IS clearly marked by the «abundance of the nuclei there appearing 
(Fig 232, C) The tips of these new lens fibers grow toward the external and 
mteinal poles of the lens Thus at each pole of the lens there is a place where 



Fig 232 Three stages in development of the eye as seen in coronal sections 
of the head A, From an embryo of 17 mm , about seven weeks (Projection 
drawing, X 50, from University of Michigan Coll , EH 14 ) B, From an embpo 
of 33 mm , about middle of ninth week (ProjecUon drawmg, X 35, from Uni- 
versity of Michigan CoU , EH 217) C, From an embryo of 48 mm, about 
middle of tenth week (Adapted Ida Mann, X 25 ) 

Abbrmation M , primordial mesenchymal concentration for eye muscle 


fibers arising at opposite points on the equator meet each other Each lens 
fiber extends all the way from one pole of the lens to the other so that as 
the lens grows the fibers become progressively greater m length There is, 
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however, a tendency for the fibers to be just a shade “ 
have to be to go from the exact center of one face of the lens to the exact 
center of its other face As a result the place of meeting of the fibers on the 
two poles forms an irregular pattern known as the lines of lens fiber mtures, or 
simplv lens sutures (Fig 233) New lens fibers continue to be added until 
about the tiventieth year According to Arcy their total number is fairly 
constant, approximating 2250 



Fig 233 Anterior part of the c>e from a fetus of about 19 weeks (174 mm ) 
Vertical section (X 20) to show fused eyelids, developing ciliary region, and 
lens 


Ins and Ciliary Apparatus As the lens increases in size, it settles back 
into the optic cup and the margins of the cup begin to overlap its edges We 
can now recognize the thin o\ erlapping part of the optic cup as the epithelial 
portion of the ins and the reduced opening in front of the lens as the pupil 
The retina may now be divided into two portions, the back two-thirds which 
IS specialized in photoreception and constitutes the pars optica retinae, and the 
front margins constituting the pars caeca Tclinae (Latin, caecus = blind) The 
line of demarcation between these two parts is a wavy circle, the ora serrata 
The blind portion of the retina may be subdivided into the pars tridica retinae 
and the pars ciltans retinae These parts of the optic cup remain as a double 
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layer of epithelium In young embryos only the outer of these epithelial layers 
IS pigmented, but during the latter part of fetal life the inner layer also be- 
comes pigmented 

In embryos of the fifth month (Fig 233) a delicate layer of mesenchymal 
tissue can be seen adherent to the outer of tlic two epithelial layers which 
constitute the pars iridica retinae In the fetal eye this layer extends beyond 
the margin of the ins and across the front of the lens as the so-called pupillary 
membrane Over the lens this membrane is resorbed in the last months 
before birth, thus clearing the pupil Considerable mesenchymal tissue per- 
sists over the pars iridica retinae, and between it and the epithelium smooth 
muscle elements make their appearance According to a number of authorities 
this smooth muscle of the ins is peculiar in arising from the ectodermal epithe- 
lial layer of the ins rather than from tlic closely associated overlying mesen- 
chymal layer The characteristic arrangement of this muscle of the iris in 
two groups of fibers, a circular band, and radially arranged bundles, obviously 
provides for control of the size of the pupil 

As is the ease with the ins, part of the adult ciliary body is derived from 
mesenchymal cells which concentrate about this zone of the optic cup In 
fetuses of the fifth month (Fig 233), the pars cihans retinae is readily identi- 
fiable by the marked folding which has involved this portion of the original 
optic cup The folding foreshadows tlic formation of the radially arranged 
ciliary processes Outside the epithelial layer may be seen the loosely aggre- 
gated mescnchyanc which will be organized into the muscular portion of the 
ciliary body This ciliary muscle, by altering the tension on the suspensory 
ligament of the lens, controls the lens curvature and thereby permits the eye 
to change focus so objects at different distances can be made to cast sharp 
images on the retina 

Choroid Coat and Sclera Outside the optic cup, mesenchymal cells 
early become massed m a concentrated zone As development progresses this 
mesenchymal coat becomes differentiated into an inner, highly vascular 
tunic known as the choroid coat (Figs 232, C, 237, D), and an outer tunic 
composed of densely woven fibrous connective tissue known as the scleroid 
coat or sclera The tough sclera molds the eyeball and gives firm attachment 
to the muscles which move the eye in its socket Centrally the sclera is con- 
tinuous with the dura mater by way of the sheath of the optic nerve 

Cornea Continuous with the sclera m front, and forming the part of the 
eye overlying the lens and the ms, is the cornea The outermost layer of the 
cornea is an epithelium, derived from the superficial ectoderm where it closed 
over the lens vesicle (Figs 231, 232) The main mass of the cornea is a dense 
fibrous layer called the substantia propria This has the same mesenchymal 
origin as the sclera, but the cornea, like the lens, is modified so that its fibers 
become transparent Its curvature is on a smaller radius than that of the 
remainder of the eyeball and in consequence the cornea appears to bulge 
out from the eye as a whole The perfection of this corneal curvature is of great 
functional importance, for the cornea is what we might call the front lens of 



IHE EYI 


403 


the eye and acts in conjunction \Mth the cr\staUinc lens m bringing light ravs 
into focus on the retina 

Anterior and Posterior Chambers As the mesenchymal tissue condenses 
and differentiates to form the cornea the cells rearrange themselves in such a 
manner that a space is formed beneath the cornea and outside the lens This 
space IS kno^vn as the anterior chamber (Fig 232, B, C) and comes to be 
lined tvith flattened mesenchymal cells, which on the back face of the cornea 
constitute the posterior corneal epithelium (corneal endotht hum) This la\er 
IS recurved over the ins, and m the middle trimester of fetal life extends also 
across the pupil as part of the pupillary membrane During this period deli- 
cate vascular loops extend radially from the ins into the pupillary membrane 

The space just behind the iris, in the angle between it and the lens and 
suspensory ligament, is known as the posterior chamber In the fetus the 
anterior and posterior chambers are separated from each other by the pupil- 
lary membrane until about the seventh month At this time resorption of the 
membrane and its vascular loops begins and is usually pretty well completed 
during the eighth month, although traces m the form of delicate fibrous fila- 
ments may persist even at term The disappearance of the pupillary membrane 
places the anterior and posterior chambers in communication by' way of the 
narrow space between the margins of the ms and the lens These chambers 
bt come ^led with a clear watery fluid known as the aqueous humor 

Vitreous Body It will be recalled that in embryos of the fifth and sixth 
weeks the optic cup shows a gap at the choroid fissure During this early 
period, mesenchymal cells enter the cup through the choroid fissure and also 
between the margins of the cup and the lens Apparently most of these 
mesenchymal cells within the optic cup are involved m the formation of the 


blood vessels and their associated connective tissue The space between the 
vessels and the walls of the optic cup is filled with a delicate meshwork of 
fibers which have very few cells associated with them (Fig 232) Ivlost recent 
observers feel that these fibers arc derived from the cells lining the optic cup 
and possibly also m very early stages from the back of the young lens vesicle 
This ectodermal origin and their general configuration would place them m 


the same general category as neuroglial fibers — a conclusion not illogical m 
V lew of the prev lously emphasized fact that the optic cup is in reality a portion 
of the w all of the embry omc forebrain 1 here is direct continuity of these fibers 
with the connective tissue around the hyaloid vessels and it is possible that m 
later stages the original fibers are added to by the activity of the cells in tins 
connective tissue of the usual mesenchymal origin The mtersutial spaces 
among both primary and secondary fibers become filled with a gelatinous 
material of glasslike transparency The fibers themselves become transparent 
and together with the material m their meshes constitute the vitreous body 
Hi«ogenes,s of Retma The part of the prmary optic vesicle that is 
destined to form the light-sensitive area of the retina (pars optica retinae) is 
at first fairly uniformly nucleated throughout its thickness (Fig 231 Bl Bv 
the fifth week the first of a series of shifts in nuclear arrangement oecks with 
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the resultant formation of an inner layer devoid of nuclei, and an outer* 
nuclear layer (Fig 231, G, D) Tlie inner layer corresponds with the marginal 
layer of the brain wall, and the outer nuclear layer corresponds with the 
mantle layer and like it contains both young ncuroblasts and spongioblasts 
About the middle of the sixth week a few of the cells composing the original 
outer nuclear layer begin to migrate centrally (Fig 231, I ) This migration, 
starting first near the center of the cup, spreads rapidly until by the end of the 
seventh week there is a definite inner cellular zone established, which is known 
as tile inner ncuroblastic hycr As a result of the way it originates the inner 
neuroblastic layer is separated by a narrow anuclcar zone (the transient layer 
of Chicvitz) from the cells which remain m their original position and now 
may be said to constitute the outer ncuroblastic layer (Fig 234, A) 

Toward the close of the third month certain conspicuously large cells in 
the inner ncuroblastic layer have begun to move still farther inward so that 
they form a new, separate layer These arc the g'lnghon cells which are alrcadv 
sending long a\onic processes over the inner surface of the retina (Fig 234, 
B, C) These fibers as tiicy converge from tlicir points of origin toward the 
optic stalk constitute a fibrous layer within the ganglion eel! layer At die 
point of continuity with the optic stalk these fibers leave the eyeball and 
course together along the optic stalk to form the optic nerve 

The migration of additional cells from the outer, toward -the inner, neuro- 
blastic layer gradually obliterates the transient layer of Chicvitz (Cf Fig 
234, A, with B, C, see table, third stage ) When this has occurred, one can 
recognize tliree quite definite nuclear zones separated from one another by 
zones of delicate fibrillar character From within outward these nuclear zones 
are the ganglion cell layer, the inner nuclear layer, and the outer nuclear 
layer (Fig 234, C) By looking at a diagram showing the arrangement of 
elements in the adult retina (Fig 234, E) we can see the nature of the special- 
ized structures the pnmordia for which arc being segregated in these layers 
The significance of the large cells m the ganglion cell layer as conducting 
elements has just been pointed out The majority of the cells in the inner 
nuclear layer give rise to the bipolar neurons which relay impulses from the 
rods and cones to the ganglion cells In this lay er also are the nuclei of spindle- 
shaped supporting cells of neuroglial type (Muller’s cells), and cells which 
send processes horizontally, interconnecting groups of photosensitive cells 
(Fig 234, E) The nuclei in the outer layer are primarily the nuclei of the two 
types of photoreceptors — the rods and the cones — which are very late in 
completing their differentiation For the details of their histogenesis, reference 
shovdd be made to the exceptionally complete account m Ida Mann’s "The 
Development of the Human Eye ” 

The accompanying table taken from Mann’s account summarizes the 

* The terms maer and outer as commonly used describing structures m the eye refer to the 
nhv of the eyeball itself rather than to the relations of the structures in the head Thus the 
‘‘iMe? optic cup is the layer toward the center of the cup, not the layer toward 

the brain 
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Fig 234 Stages m histogenesis of retina (A-D, redrawn, X 500, from Ida 
Mann ) A, From embryo of about seven vvcclvs (17 mm ) B, From fetus of about 
11 weeks (65 mm ) C, From fetus of about 19 weeks (170 mm ) D, From fetus 
ot tw enty -sev emh w cek (250 mm ) E, Schematic plan to show relations of \ an- 
ous elements of retina 

-ibbretiaiions Ch , transient fiber layer of Chievitz, Gn C Lay , ganglion 
cell layer, H , horizontal cell, In Nbl Lay , inner neuroblastic layer, In Nuc 
Lay .inner nuclear layer, I PI ,innerplcxiformlaver,M ,Muller’scelI,N Fib, 
layer of nerve fibers, O PI, outer plexiform layer, Out Nbl Lay, outer 
neuroblastic layer, Out Nuc Lay , outer nuclear laver. R-C . lav er nf rods 







406 


TIIL SENSE ORGANS 


mam steps by which the characteristic layers of the adult retina arc formed 
by rearrangements and specializations of the inner and outer ncuroblastic 
layers As emphasized by Mann, this difTcf-cnlntion progresses m inverse 
sequence to the direction m which the nerve impulses arc destined to pass 
That is to say, the ganglion cells and the nerve fibers arising from them and 
extending to the visual centers m the brain arc dificrcntiatcd first, and the 
light-sensitive cells — the rods and cones— arc the last to acquire their definitive 
form This means that when the photoreceptive elements arc ready to function, 
the transmitting elements arc already established and the entire intricate 
mechanism is ready to go into immediate operation 


Tabij; SuMMAniziNo Tin Ri oroamzatiov oi tiif PRivimvF Evinivvosic Laytrs 
iNVOLvrn IS Tin Histoolslsb of mi Ritisa (ifln Mann, slight!} modtfud) 

1st Stage 2d Stage 3d Stage 

tlh~5lh Week 6tli 11 erk-3d Afontk 3<l~7th Morth Adult 


Surface of marginal- 
layer 


Superficial portion 

of rmrginal layer 


Marginal layer Inner neuroblastic 
(free from nuclei) flayer 

^ fransiciU nonnit- 
cleiicd layer of 
Chicviiz 




Nerve fiber laytr— 
.Ganglion cells 


I Internal limiiiiig 
membrane 

► Nerve fiber layer 

► Ganglion cell layer 


‘Amaerme cells* 


'“MOllcrian fiber ; 
nuclei 


/Bipolar cells 


/\^^Homonul cclb ' 
Primitive ncuro — ♦ Outer ncuroblastic^--^ 
epithelium layer 




'Nuclei of rods and— 
cones 


Basement membrane 

Cilia Cilia— 


» Cilia lost, tips of 

primitive rods and 
cones appear as new 
specialization 


Inner molecular or 
plcNiform layer 


^ Inner nuclear 
layer 


Outer molecular or 
plcxifonn layer 


► Outer nuclear layer 

E'ctemal limiting 
membrane 

• Tips of rods and 
cones 


• The connections and functional significance of the amaenne cells being uncertam, they were 
omitted from the diagram of Fig 234 E 


Outside the sensory layer of the retina, but intimately adherent to it, is 
the pigment layer This is the original outer layer of the double-walled optic 
cup (Figs 231, 232) Its cells develop processes about the tips of the rods and 
cones The migration of pigment granules into these processes partially screens 
the photosensitiv e elements when the light is brilliant When the light is dim 
the pigment moves away from the tips of the rods and cones, thus permitting 
all the available light to fall on them The length of time this pigment migra- 
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t.on takes « an important factor m the time .t takes one s eye o become 
adapted” to a d.ml) ht room after having been m bright “"''g''' 

Lrmation of Optic Nerve Attention has previously been called to the 
fact that the young optic cup shows a gap in its walls known a, *= choro. 
fissure (Fir 229, A) This fissure in the cop is continued as a groove along the 
v^tral surface of L optic stalk (Figs 235, A, 237, A) By way of this groove 




Fig 235 The changes in the optic stalk and the de\elopment of optic nerve 
fibers in human embryos A, At 9 mm (sixth v-eek) (after Fischel) B, At 14 5 
mm (earl) in seventh V3eek) (after Bach and Secfelder) C, At 19 mm (end of 
seventh week) (after Bach and Seefeldcr) D, At 25 mm (late m eighth week) 
(after Ida Mann) 


in the stalk, and through the choroid fissure, the ophthalmic artery sends a 
branch into the optic cup In the embryo this entire vessel is often called the 
h>aIoid arter> (Fig 235) because its direct continuations as the hyaloid 
arteries to the lens (Fig 237, C) are at first its only mam branches Because 
thfc hyaloid branches degenerate and new branches develop supplying the 
retina, the proximal part of this artery is known m the adult as the central 
artery of the retina Having in mind this ultimate fate, many people prefer 
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to call the part of the artery m the optic stalk by its adult name even before 
It has developed its characteristic branches to the retina Wiien the choroid 
fissure closes, the presence of this vessel and its associated connective tissue 
keeps open a pathway m the optic stalk Cpincidcntly, the nerve fibers aris- 
ing from the ganglion cells in the retina grow along the marginal la>cr, dose 
to the vessels which he inside the doubic-wallcd epithelial tube formed from 
the optic stalk when, toward the close of the sixth or beginning of the seventh 
week, the choroid groove closes (Fig 235, B) As more and more fibers traverse 
the stalk, they begin to be crowded progressively deeper m the reticulated 
cytoplasm of its cells (Fig 235, C) The original lumen of the stalk (optic 
canal) becomes progressively smaller, and finally disappears completely At 
the same time the cells of the stalk, having served as a pathway for the growing 
optic fibers, begin to undergo regression This leaves the proximal part of the 
hyaloid artery (central artery of the retina) embedded in the optic nerv'c fibers 
(Fig 235) When these fibers become mcdullatcd and the nerve as a whole 
acquires a well-developed conncciivc-tissuc sheath there is little left of the 
original tissue of the optic stalk except some ’glialike supporting elements 
Optic Pathways to Visual Centers The optic nerves of the two eyes 
converge to form the chiasma at the base of the dicnccplialonjusC rostral to 
the hypophyseal stalk In the optic chiasma the fibers from the nasal half of 
each retina cross to the opposite side and pass by w ay of the optic tract to the 
lateral geniculate nucleus The fibers from the temporal half of each retina 
pass back to the optic tracts and lateral geniculate bodies without crossing 
in the chiasma (Fig 236) Neurons of the lateral geniculate nucleus relay the 
incoming impulses by way of the optic radiations to the visual projection 
centers of the cortex These centers arc located m the occipital lobe along the 
superior and inferior lips of the calcarine fissure 

In their transmission from retina to cortex the impulses from specific 
portions of the retina are projected on specific parts of the cortex This is 
made possible by a definite pattern m the arrangement of the fiber tracts 
and of the relaying cells in the lateral geniculate nuclei No attempt has been 
made in Fig 236 to show all the details of this complicated pattern The 
illustration does, however, indicate the projection from the retinal elements 
m the upper part of the retina onto the superior lip of the calcarine fissure, 
and from the inferior half of the retina onto the inferior Iip It is the existence 
of patterns of this sort which accounts for such clinical findings as the fact that 
a hemorrhage in the superior lips of the calcarine fissures interrupts visual 
projection from the superior parts of each retina With the inversion due to 
the cameralike action of the cornea and lens, this would mean blindness to 
things m the lower part of the visual field 

Blood Vessels of the Eye The entry of the pnmary arterial branch from 
the ophthalmic artery into the optic cup was just discussed in connection 
with the development of the optic nerve In young embryos the vessel supplies 
by Its hyaloid branches primarily the vitrrous body and the lens (Fig 237, 

C) Only relatively late m development do the retinal branches radiate out 
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from Its point of entry to be distributed over the inner surface of the retina 

As^tte°londary mesodermal coats of the eje are formed, three sets of 
small arteries arise from the mam ophthalmic artery, and enter the outer 



coats of the eye These arteries are the short posterior cihanes, the long 
posterior ciliaries, and the antenor ciharies (Fig 237, D) The short posterior 
ciliary' arteries — usually five or slx m number — penetrate the back of the 
eyeball and break up in the rich vascular plexus of the choroid coat The 
long posterior ciliary arteries— usually tvvo m number — anastomose with the 
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Fio 237 Staecs in development of blood vessels of thr e>e (A-C adapted 
from Ida Mann, D from Coming ) A, Left optic cup of a S-mm embryo vicued 
from in front and belD>v B, Optic cup ind lens of a 10 mm embryo vicN\ed 
from the side C, Sectional diagram of optic cup and lens of a 13 mm embr^c 
D Schematic plan of circulation m the fetal eje before the degeneration of the 
h> aloid vessels and the v ascular tunic of the Jens 


The start of this vessel is recognizable around the margin of the optic cup at 
a surprisingly early stage (F.g 237. B) ^ 

The drainage of the eye involves both the return of the blood brought m 
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by the arteries and the taking au ay of the proper amount of fluid from within 
the eyeball so that mtra-ocular pressure is maintained within normal levels 
The retina is drained by \eins paralleling the arterial vessels which supply the 
retina (Fig 237 , D) The ins and ciliary body arc drained by small channels 
many of which enter an annular venous channel inappropriately known as 
the canal of Schlemm (Fig 233) It is believed to be the percolation of fluid 
from the angle of the anterior chamber by way of coarse interstices (spaces 
of Fontana) m the underlying connective tissue into the canal of Schlemm 
that takes off the excess fluid from within the eyeball along with the venous 
blood For this reason the recess of the anterior chamber where the endo- 
thelial lining turns from the front of the ms to the back of the cornea is spoken 
of as the “filtration angle ” From the canal of Schlemm and from numerous 
small venous channels m the choroid coat most of the blood which was 
brought to the outer layers of the eye by the choroid arteries leaves the eye 
by way of the vorticose veins The vorticose veins discharge through the 
posterior ciliary veins and the superior ophthalmic veins into the cav^ernous 
sinus 

Eyelids, Conjunctiva, and Associated Glands The eyelids start to 
develop during the seventh week as folds of skm growing back over the cornea 
(Figs 62, 232, A) Once hating started to form they close over the eye quite 
rapidly, usually meeting and fusing with each other by the end of the ninth 
week (Fig 109, A, B) This fusion involves only the epithelial layers of the 
lids (Fig 233) and the eyelashes and the glands that lie along the margins 
of the hds start to differentiate from this common epithelial lamina before 
the lids reopen Signs of the loosening of the epithelial union can be seen m 
the sixth month but it is ordinarily well into the seventh month before the 
eyelids actually reopen The eyelashes are, of course, merely specialized hairs 
and their follicles develop by essentially the same series of stages illustrated 
in Fig 135 They have rather rudimentary sebaceous glands (glands of Zeis) 
associated with them and are peculiar m having also modified sweat glands 
(glands of Moll) opening into the lumen of the follicle On the external surface 
of the eyelids the epithelium becomes the stratified squamous keratinized 
type, similar histologically to other areas where the skin is thin and devoid 
of any but fine rudimentary hairs At the margin the epidermal type of epi- 
thelium is reflected for a short distance inside the lid as the so-called ad- 
marginal zone Except for this narrow zone of transition, the epithelium on 
the inner face of the hd becomes stratified columnar It is kept moist by the 
secretion of numerous small glands of the same type as the mam lacrimal 
glands, and lubricated by the mucous secretion of unicellular glands of the 
goblet cell type This epithelium together with its connective-tissue tunica 
propria constitutes the conjunctiva The conjunctiva extends from the inner 
surface of the hds onto the sclera and at the sclerocorneal junction becomes 
continuous with the modified transparent epithelium of the cornea The 
space between the eyelids and the front of the eyeball is commonly referred 
to as the conjunctival sac ^ 
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Along the margin of each lid is developed a row of about 30 tanal glands 
(glands vj Meibom) These glands are sebaceous in character though their form 
differs somewhat from that of the typical sebaceous glands opening into hair 
follicles 

The most massive glands opening into the conjunctival sac are the 
lacrimal glands They develop from multiple buds Nvluch make their first 
appearance during the ninth week Tliesc buds arise from the conjunctival 
epithelium of the lateral part of the upper lid, about where it turns back to 
be reflected over the sclera The deep portions of the acini derived from these 
SIX to ten — or even twelve — buds tend to merge into a common glandular 
mass Late m its development the gland as it expands is constricted by the 
tendinous extension of the levator palpcbrac supcrioris muscle This gives 
rise to the partially separated condition which has led to the designation in 
descriptive anatomy of a superior and inferior lacrimal gland The lac- 
rimal glands produce a thin watery secretion w Inch under normal conditions 
keeps the corneal surface cleaned and lubricated When stimulated b> local 
irritation, or under conditions of emotional disturbance, activated by way of 
the autonomic nervous sy’sicm they produce fluid in excess, which overflows 
the lids as “tears ” 

The fluid produced by the lacrimal glands is drained from the conjunc- 
tival sac into the nasal chamber An upper and a lower lacrimal duct, 
arising at the medial angle of the upper and lower lids respectively, join each 
other and are continued as the nasolacrimal duct which discharges into the 
nose under the inferior concha (Fig 230, C) The manner in which the naso- 
lacrimal duct IS established by the closing over of the naso-optic furrow is 
dealt with further m connection with the development of the face (See Chan- 
ter 14 and Figs 247, 248) 

Changes in Position of the Eyes During dev clopment the eyes undergo 
a striking change in their relative position In embryos of the sixth week they 
are far around on either side of the head (Figs 247, C, 248, C) If, at this stage, 
a line is imagined passing through the optical axis of each eye and then pro- 
longed to meet in the center of the head, the angle these two lines would form 
would be about 160® In other words, the eyes look almost straight off to 
either side like the eyes of a fish In such a position there can be no overlapping 
of their visual fields which precludes the binocular type of vision so important 
to us in estimating distances As the facial structures grow, the eyes are carried 
forward in the head and as a result their optical axes begin to converge By 
the end of the seventh week (embryos of 17 to 19 mm ) the ocular angle has 
been reduced to about 120* By eight weeks the eyes are beginning to look 
quite definitely forward (Fig 247, F) and by the tenth week (embryos of 40 
to 50 mm ) the angle is down around 70° — only about 10° wider than it is 
in the adult 

Congenital Defects of the Eye As one might suspect from the intricacy 
of the growth processes involved, the eye is Vulnerable to a great number of 
different types of developmental defects, some very serious and others more m 
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the nature of slight variations from the standard pattern As a companion 
volume to her book on “The Development of the Human E) e,” Dr Ida Mann 
has written a very comprehensive treatise on “Developmental Abnormalities 
of the E>e” which should be consulted b> an>one interested in this special 
field Here ne may merely discuss briefly some of the more commonly en- 
countered defects, and call attention to a few others that, although rather 
uncommon, are of special interest clinically, or from the standpoint of develop- 
mental mechanisms 

By all odds the commonest developmental defect of the eyes is faulty 
curvature of the cornea or the crystalline lens such that the image of a lumi- 
nous point is not brought into sharp focus on the retina but appears spread out 
as a line This condition, known as asUgmattsm, is one of the usual defects for 
which corrective eyeglasses arc worn Irregularities m the proportions of the 
eyeball may also interfere w ith the production of a sharp image If the ey eball 
is too long m the direction of its optical axis, the rays cire brought to focus m 
front of the retina and the individual is near-sighted [myopic) Conversely, 
if the eye is flattened so it is too short m the direction of its optical axis, the 
rays will come to focus beyond the retina, and the person is far-sighted 
(hy’permetropic, or hy'peropic) 

The term coloboma is used in ophthalmology to designate an abnormal 
notch or gap m the eye Such a notch may be limited to the ins, in which case 
It IS designated as coloboma indis (Fig 238, A), or the gap may extend deeper 
and involve the ciliary body and even the retina The more extensive colobo- 
mata occur almost invariably in the plane of the choroid fissure, and it seems 
probable that their incipience goes back to a failure of the choroid fissure to 
close Coloboma limited to the ins usually is m the ventromedial segment of 
the optic cup where the choroid fissure dosed, but there arc a number of 
cases on record where the defect is definitely not m this location It will be 
recalled that the choroid fissure closes toward the end of the sixth or beginning 
of the seventh week, and that the ins is formed subsequently by growth of the 
margins of the optic cup If there is a gap in the line of the old choroid fissure, 
and this gap does not go deeper than the ms, jt can only be assumed that the 
margin of the cup for some unknown reason failed to grow at the point where 
the choroid fissure fused The fact that the gap may occur in other locations 
is further evidence that in cases where the coloboma involves the ins alone, 
we arc dealing with a disturbance m the growth of the margins of the cup 
referable to a phase of development later than the time of closure of the 
choroid fissure 


There is occasionally a failure of the pupiUar) membrane la resorb Rarely 
docs the membrane persist intact Usually resorption has progressed to a 
considerable extent, leaving perhaps a few small masses of connective tissue 
suspended over the pupil by delicate strands (Fig 238, B C) Persistence nt 
vestiges of the hyaloid branches which fed the tumca vasculosa lends during 
embryonic life ,s a comparable condttion in that there is retention of a 
structure ordinarily resorbed in the course of development In this case, also 
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the persistence is usually only partial with vary mg degrees of resorption having 
been accomplished In contrast with a persistent pupillary membrane which 
IS in front of the lens, the hyaloid remnants offer an obstruction behind the 
lens, that is between it and the retina (Fig 238, E) Vestiges of the mam 
hyaloid artery may persist near its point of entrance into the eyeball (Pig 
238, D) but unless the persistent portion of the vessel is unusually long it 
causes little if any disturbance of vision 



Fig 238 Diagrams showing some of the less uncommon developmental 
anomalies of the eje (Adapted from a number of sources, chiefly Ida Mann ) 

A, Coloboma iridis B, Persistent remnants of pupillary membrane C, Sec- 
tional plan showing hov. remnants of pupillary membrane arc attached to iris 
D, Vestiges of hyaloid artery, and, also, abnormal retinal folds E, C>st of the 
eyeball which has everted at a point of aveakness >vhcre choroid fissure closed 
about entrance of optic nerve Same eye shows vestiges of branches of hyaloid 
vessels behind lens where they spread out to feed the tunica vasculosa lentis 

The term “cataract” is applied to a condition m which the lens loses its 
transparency and becomes cloudy or opaque It is most commonly a degenera- 
tive change occurring m old age Occasionally, however, a child is bom with 
lenses that have either failed to become clear or have become secondarily 
opaque during development 'Ihis condition is known as congenital cataract 
Recently a number of observations have been published which indicate that 
German measles in a pregnant woman, although it may cause little apparent 
disturbance m the mother, may be the cause of congenital cataracts in the 
eyes of her infant Apparently the incidence of cataract is strikingly higher 
when the disease occurs m the second and third months of pregnancy This 
IS not surprising since this is the period m which the formation of the lens is 
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progressing most rapidly in the fetus, and it would naturally be more vulner- 
able at that time to whatever damaging agent gets across the placental barrier 
from the circulation of the mother into the fetal circulation This if confirmed 
may well prove a discovery of very far-reachmg importance It would be the 
first authenticated instance m which a specific local congenital defect m the 
fetus could be attributed to a known disturbance in the mother during 
pregnancy 

One of the striking, though rare, congenital defects of the e>e is the 
malformation known as an apltc cyst In this condition there is a herniation of 
the eyeball with a portion of the reima protruding into a scleral sac (^Fig 
238, E) Such c>sts are most likely to form at what seems to be a point of 
weakness where the choroid fissure closed about the entering hyaloid artery 
They may become of considerable size, displacing the optic nerve and causing 
the eye to protrude far out of its norrnal position in the orbit Probably akin 
to optic cysts is the condition in which the retina is overvoluminous and is 
folded within the eyeball but without herniation (Fig 238, D) 

The outer layer of the retina may fail to accumulate the pigment granules 
that normally form there in abundance Such a deficiency m pigmentation 
interferes with the mechanism shielding the photosensitive cells of the retina 
against strong light and the individual tends to be photophobic In its e\- 
treme form a deficiency in pigmentation is usually part of the picture of a 
general albinism The eyes of such individuals are readily recognizable be- 
cause the lack of pigment m the ins leaves it a very pale watery blue 

When the circular venous sinus (canal of Schlemm) or the spaces (of 
Fontana) draining into it fail to form so that there is a lack of normal drainage 
of the contents of the eyeball, a condition known as congenital glaucoma results 
The increase in intra-ocular pressure m glaucomd, if uncontrolled, ma\ be 
sufficient to cause irreparable damage to the retina, ending ultimately in 
blindness 

Among the extreme distortions — which fortunately arc very rare — are 
complete or nearly complete absence of the lens {aphacia)^ absence of the 
entire eye {anophthalmia) and fusion of the two eyes to form a single median 
eye {cyclopia) In cyclopic individuals the eve fusion may be complete, or vary- 
ing degrees of duplicity may still be apparent The distortion that results in 
cyclopia usually involves other structures m the front of the head A common 
concomitant of cyclopia is a nose m the form of a cylindrical, proboscislike 
mass of flesh pendent from the nasal region or the forehead (Fig 255, E) In 
very rare instances the two nasal primordsa fail to fuse with each other and 
each forms a cy Imdncal mass of flesh representing half of a nose Such double 
proboscides may be related m very bizarre fashion to a cyclopic eye (Fig 
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The adult mammalian ear may bt divided for convenience in eonsidcra 
non into three regions external, middle, and internal The external car is 



416 


THE SENSE ORGANS 


essentially a sound-collecting funnel consisting of the auricula or pinna and 
the external auditory canal The middle car is a sound-transmitting mecha- 
nism involving the chain of three auditory ossicles which pick up the vibra- 
tions received by the eardrum and transmit them across the middle car, or 
tympanic cavity, to the receptive mccinnism of the internal car The internal 
car IS composed of an elaborate system of fluid-filled, cpUhehally lined 
chambers and canals constituting the so-called membranous labyrinth This 
membranous labyrinth lies within the temporal bone m a similarly shaped, 
but larger, senes of cavities constituting the bony labyrinth The narrow space 
between the walls of the bony labyrinth and the membranous labyrinth is 
known as the perilymphatic space and is filled with the perilymphatic fluid 
The sound-receiving portion of the membranous labyrinth is the cochlea, a 
curiously shaped mechanism spirally coiled in a manner suggestive of a snail 
shell Closely associated with the cochlea is the so-called vestibular complex 
concerned with equilibration Tlic vestibular portion of the membranous 
labyrinth is composed of the sacculus, the uiriculus, and the tliree semi- 
circular ducts, or canals It is phy logcnctically the most primitive part of the 
ear — in fact, it is the only part of ihc car that has been differentiated m the 
fishes 

Formation of Auditory Vesicle Tlic pnmordium of the membranous 
labyrinth is the first part of die car mechanism to make its uppcarancc In 
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Tie 239 Tormation cf auditory vesicle as seen m cross-sections cf young human 

embryes (Modified from Arcy ) 


embryos early in the third week (two-somite stage, Fig 48) there is a vaguely 
marked thickening of the superficial ectoderm on either side of the still open 
neural plate This thickening is the start of the auditory placode which, by the 
middle of the third week (seven-somile stage, Fig 49), becomes quite clearly 
marked By the end of the third week the auditory placode has taken shape as 
a sharply circumscribed thickening in the ectoderm on either side of the 
developing myelencephalon (Fig 239, A) During the fourth week the placode 
is invagmated to form the auditory pit (Fig 239, B) The pit becomes deepened 
and finally its opening at the surface is closed and the epithelium lining it 
comes to constitute a closed sac known as the auditory vesicle {,ottc vesicle) 

Differentiation of Auditory Vesicle to Form Membranous Labyrinth 
As the auditory v esicle enlarges it changes from its originally spheroidal shape 
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and becomes elongated dorsovcntrally About where the epithelium of the 
auditory vesicle separated from the superficial ectoderm, there develops a 
tubular extension of the vesicle Knoun as the endol>Tnphatic duct (Fig 243, 
A) As the auditory vesicle expands Iaterall>, the endolymphatic duct is left 
occupying a progressively more median position m relation to the rest of the 
vesicle Almost from the outset of its difierentiation the more expanded dorsal 
portion of the auditory vesicle with which the endolymiphatic duct is con- 
nected can be identified as the primordium of the vestibular part of the 
membranous labyrinth, and the more slender ventral extension is recog- 
nizable as the primordium of the cochlea (Fig 240) 

By the close of the suxth week of development conspicuous flanges appear 
on the vestibular portion of the auditory \csicle foreshadowing the differentia- 
tion of the semicircular ducts As the flanges push out from the mam \ csicle their 
central portions become thin and finally undergo resorption so that the 
original semilunate flange becomes comerted into a loophke duct (Fig 240, 
C-E) There are three such ducts (canals) formed, each occupying a plane m 
space approximately at right angles to the other two In animals m the pri- 
mary quadruped position these canals are designated as anterior vertical, 
posterior vertical, and horizontal In man with his erect posture the anterior 
vertical canal is usually known as the superior, the posterior vertical as the 
posterior, and the horizontal as the lateral Either terminology is so self- 
evident that the departure of the human nomenclature from that of compara- 
tive anatomy is less troublesome m this instance than m certain others ^Vhlle 
the semicircular ducts have been taking shape the vestibular portion of the 
auditory vesicle becomes subdivided by a progressively deepening constric- 
tion into a more dorsal utricular portion and a more ventral saccular portion 
(Fig 240, E-G) When this division has occurred, the semicircular ducts 
open off the utnculus Near one of their two points of communication with 
the utnculus, each semicircular canal forms a local enlargement known as an 
ampulla Within the ampulla there develops a specialized area called a crista, 
containing neuro-epithelial cells with hairlike processes projecting into the 
lumen of the ampulla These specialized receptors arc innervated by' branches 
of the vestibular division of the eighth cranial nerve Changes in the position 
of the head are accompanied by a lag m the movement of fluid within the 
semicircular ducts which results in mechanical stimulation of the neuro- 
epithelial cells of the crista The nerve impulses thus initiated pass over the 
appropriate central pathways (Fig 194) and make us aware of positional 
changes In the light of this function the significance of the arrangement of 
the three semicircular ducts m planes at right angles to each other is self- 
evident 

Specialized areas, called maculae, arc developed in the sacculus and utric- 
ulus The maculae contain neuro-epithelial cells similar m general character 
to those in the cristae ot the semicircular ducts, and like them supplied by 
branches of the vestibular division of the eighth cranial nerve It is in the 
maculae that the impulses are initiated which make us aware of static posi- 
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Fig 240 Development of the membranous labyrinth (After Streeter, Am 
J Anat , Vol 6, 1906 ) A, 6 mm , lateral view B, 9 mm , lateral view C, 
11 mm, lateral view D, 13 mm, lateral view E, 20 mm, lateral view F, 
30 mm , lateral view G, 30 mm , medial aspect H, Outline of head of 30 mm 
embryo to show position and relations of developing inner ear 
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tion m distinction to the sense of positional change as mediated through the 
mechanism of the semicircular canals 

The cochlear portion of the membranous labyrinth elongates rapidly during the 
sixth ueek and in cmbr>os of 11 to 13 mm it shows a sharp forsvard bend of 
Its distal end (Fig 240, C, D) Elongation continues at an accelerated rate 
during the seienth and eighth weeks and the initial bend rapidly develops 
into a spiral of two and one-half turns (Fig 240, E-F) As the cochlea is thus 
diflercntiated its originally broad connection with the vestibular portion of 
the membranous lab>Tinth becomes narrowed to the slender ductus reunicns 
(Fig 240, G) The cochlear division of the eighth nerve follow s the cochlea m 
Its growth changes, and its fibers fan out to be distributed along the entire 
length of the cochlear duct Adjacent to the cochlear duct is formed a band- 
like ganglion, appropriately called, because of its configuration, the spiral 
ganglion of the cochlea The actual tono-receptiv e mechanism inside the cochlea 
with which the cells of the spiral ganglion make connection is the organ of 
Corn The development of the organ of Corti can be considered most con- 
veniently a little later when the relations of the membranous labyrinth within 
the bony labyrinth have been outlined 

Pevelopment of Bony Labyrinth and Perilymphatic Spaces By the 
early part of the third month of development the membranous labyrinth has 
attained practically Us adult configuration (Fig 240, F, G) There remain 
only such minor changes as the separation of the sacculus and utnculus so 
they are in communication through a ^ -shaped connection with the endo- 
lymphatic duct, and the elongation and attenuation of the ductus reuniens 
While the membranous labyrinth has been taking shape, there has been a 
gradual concentration of mesenchyme about it and by the time the epithelial 
part of the complex has assumed approximately its definitive form the sur- 
rounding mesenchyme has been transformed into cartilage (Fig 243) Be- 
tween the membranous labyTinth and the cartilage m which it is embedded 
there remains some space partially occupied, at first, by loosely aggregated 
mesenchymal cells Toward the cartilage these cells become organized into a 
penchondrial connective-tissuc layer About the primary epithelial sacs and 
ducts of the membranous labyrinth the adjacent mesenchyme becomes organ- 
ized into a fibrous outer investment Between the walls of the membranous 
labyrinth, thus reinforced, and the surrounding cartilage, delicate strands of 
connective tissue are developed suspending the membranous labyrinth within 
the cartilaginous labyrinth (Fig 241, B) The very loose meshes of this sup- 
porting tissue traverse a space known as the perilymphatic (periotic) space 
which IS filled with a fluid similar to cerebrospinal fluid in its composition 
The arrangement of the perilymphatic spaces about the cochlea is of 
special interest because of its importance in sound conduction B> looking 
ahead at a diagram showing the wa, the ossicles transmit vibrations from the 
eardrum across the middle ell it will be apparent that the movements of the 
footplate of the stapes activate a membrane in the oval window (Fig 244) 
Vibrations are thus imparted to the perilymph about the base of the cochlea 
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Because of the way the cochlear duct n stretched across the center of the 
spiral bony canal in which it lies, these fluid vibrations can pass along the 
perilymph space above the cochlear duct (l/ie scab vesdbult), go tiirough an 
open area at the apex of the cochlear spiral {helicoUema), and pass along the 
pciilymph space below the cochlear duct {scab tympant) (Hg 241, A) A 
small membrane m the round window provides compensating resilience so 
that the fluid waves starting at tlu. oval window arc not dampened out as they 
would be if the fluid were confintxl m completely rigid walls The organ of 
hearing, being suspended in the fluid-flllcd cochlear duct between the scala 



Fig 241 The relations of the supporting tissues and perilymphatic spaces 
to the developing membranous labyrinth in fetuses of the fourth month A, Semi- 
schematic plan of cochlea (Adapted from several sources ) B, Section through 
semicircular canal (After Streeter, Carnegie Cent to Bmb , Vol 7, 1918 ) C, 
Section through a turn of the cochlea showing the topograph) of the cochlear 
duct and the related periotic spaces (After Streeter, tbid) 

vestibuli and the scala tympani (Tig 241, G), is in a position to pick up any 
vibrations imparted by the ossicles to this fluid system 

The establishing of the relations outlined above takes place while the sur- 
rounding tissue IS at first mesenchymal and then cartilaginous In both these 
phases it is plastic and readily remolded in conformity with the elaborate 
changes m configuration undergone by the developing membranous laby- 
rinth With the basic relations of both parts established, the attainment of 
adult relations involves little more than the conversion of the cartilaginous 
ear capsule into bone by the spreading of multiple centers of endochondral 
ossification 

Organ of Corti The actual tono-receptive mechanism of the ear is a ridge 
of modified epithelial cells m the cochlear duct These cells rest on the basilar 
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Fio 242 Four stages in the development of the organ of Corti (RcdravvTi, 
with some modifications, from Kolmer, jn Mollendorf “Handbuch dcr Mik- 
roskopischcn Anatomic des Menschen,” 1927) A, From an embr>o of the 
eleventh week B, From an erobr>o of about five months C, From an embryo 
of about the same apparent age as that of B but developmentally more adv anced 
D, Slightly schematized representation of the conditions at term 

duct undergoes considerable expansion The tectorial membrane becomes 
more extensiv e and the developing organ of Corti beneath it begins to show 
marked specialization In its outer portion there are differentiated three to 
four rows of neuro-epithelial cells known as the outer hair cells A little nearer 
the center of the spiral appears a single row of larger neuro-epitliehal ele- 
ments know n as the inner hair cells (Fig 242, B) During the sL\th month there 
is involution of some of the cells adjacent to the line of attachment of the 
tectorial membrane This, together with some cell rearrangement, deepens 
the groove on the inner border of the organ of Corti to form the so-called 
inner spiral sulcus (Cf Fig 242, B, C ) At the same time, there is some resorp- 
tion within the organ of Corti itself, leaving a space between the inner and 
the outer hair cells called the inner tunnel, and a smaller space peripheral to 
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Because of the way the cochlear duct is stretched across the center of the 
spiral bony canal m ^vhlc!l it lies, these fluid vibrations can pass along the 
perilymph space above the cochlear duct {the scab veslibuh), go through an 
open area at the apex of the cochlear spiral {helicotrema), and pass along the 
penlympli space below (he cochlear duct (scab timpani) (Fig 241, A) A 
small membrane m the round window provides compensating resilience so 
that the fluid waves starting at the oval window arc not dampened out as they 
would be if the fluid were confined in completely rigid wills The organ of 
hearing, being suspended m the fluid-filled cochlear duct between the scala 



Fio 241 The relations of the supporting tissues and perilymphatic spaces 
to the developing membranous lab>Tmih in fetuses of the fourth month A, Serm- 
schemaiic plan of cochlea (Adapted from several sources ) B, Section through 
semicircular canal (After Streeter, Carnegie Com to Emb , Vol 7, 1918 ) C, 
Section through a turn of the cochlea showing the topography of the cochlear 
duct and the related pcnotic spaces (After Streeter, tbid ) 

vestibuU and the scala tympam (Fig 241, G), is m a position to pick up any 
vibrations imparted by the ossicles to this fluid system 

The establishing of the relations outlined above takes place while the sur- 
rounding tissue IS at first mesenchymal and then cartilaginous In both these 
phases it is plastic and readil> remolded in conformity with the elaborate 
changes m configuration undei^one by the developing membranous laby- 
rinth With the basic relations of both parts established, the attainment of 
adult relations involves little more than the conversion of the cartilaginous 
ear capsule into bone by the spreading of multiple centers of endochondral 
ossification 

Orean of Corti The actual tono-receptive mechanism of the ear is a ridge 
of modified epithelial cells m the cochlear duct These cells rest on the basilar 
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pulses arc initiated in the terminal processes of the cochlear nerve fibers which 
form baskethke investments about the bases of the hair cells 

Middle Ear At the same time that the receiving mechanism of the ear is 
being de\ eloped m the manner just described, the transmitting apparatus of 
the middle ear is also taking shape It will bt recalled that in their initial 
relations the first pharyngeal pouches evtend latcrad so that their entodcrmal 
lining makes contact ^\lth the ectoderm at the bottom of the first gill furrow 
on cither side to form the gill plate (Fig 239, C) The distal portion of the 
pouch remains somewhat expanded to form the pnmordium of the middlc- 



Fic 244 Schematic diagram showing btructure of ear at term For the sake 
of clarity the ossicles have been represented larger than their true size The 
cochlea has been pulled out toward mesial side in order to show its spiral course 


ear chamber, or tympanic cavity, but the proximal portion soon becomes 
narrowed to form the auditory (Eustachian) tube (Fig 243, A, B) The pri- 
mary contact between pharyngcal-pouch entoderm and the ectoderm of the 
floor of the gill furrow does not long persist The blind outer end of the pouch, 
which constitutes the pnmordium of the tympanic cavity, pulls away from 
the surface and there appears adjacent to it a conspicuous concentration of 
mesenchyme (Fig 243, A) As development progresses tht mesenchymal cells 
of this primordial mass become organized mlo the cartilage precursors of tlic 
authtory ossicles lying between the developing inner ear and the retained 
portion of the first gill furrow which may now be said to constitute the pn- 
mordium of the external auditor, meatus \t this stage the ossicles lie above 
the primordial tjmpanic casit,, complete!, embedded m a very loose embr,- 
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the outer hair cells, knoun as the outer tunnel Cells adjacent to the inner 
Uinnel develop fibrils and become converted into supporting elements desig- 
nated as the Jnihr cells (Fig 242, D) ° b 

The physiology of this elaborate mechanism— especially the question of 
die discrimination of pittli- still invokes matters subject to some tonlroversy 
The general nature of the proecsscs, houtver, seems quite clear The tectorial 



Tic 243 Srhemitic diagrams showing three stages in development of auditory 
ossicles 


membrane is adherent to the bnsUehke processes at the distal ends of the 
neuro-epithelial cells When movement of the eardrum is transmitted by the 
ossicles to the membrane across the oval window, a wave motion is set up in 
the perilymph fluid in which the cochlear duct hes suspended on the fibrous 
basilar membrane Tht motion of the perilymphatic fluid causes changes in 
the relative positions of the basilar and tectorial membranes with resultant 
stimulation of the hair cells From these neuro-epithelial elements nerve im- 
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pulses are initiated m the terminal processes of the cochlear nert'e fibers which 
form basketlike investments about the bases of the hair cells 

Middle Ear At the same time that the receiving mechanism of the ear is 
being developed m the manner just described, the transmitting apparatus of 
the middle ear is also taking shape It will be recalled that in their initial 
relations the first pharjngeal pouches extend laterad so that their entodermal 
lining makes contact with the ectoderm at the bottom of the first gill furrow 
on either side to form the gill plate (Fig 239, C) The distal portion of the 
pouch remains somewhat expanded to form the primordium of the middle- 



Fig 244 Schematic diagram s>ho%vjng structure of ear at term For the sake 
of clarity the ossicles have been represented larger than their true size The 
cochlea has been pulled out toward mesial side in order to show its spiral course 


car chamber, or tympanic cavity, but the proximal portion soon becomes 
narrowed to form the auditorv (Eustachian) tube (Fig 243, A, B) The pri- 
mary contact between pharyngeal-pouch entoderm and the ectoderm of the 
floor of the giU furrow does not long persist The blind outer end of the pouch, 
which constitutes the primordium of the tympanic cavity, pulls away from 
the surface and there appears adjacent to it a conspicuous concentration of 
mesenchyme (Fig 243, A) As development progresses the mesenchymal cells 
of this pnmordi il mass become orgamzed into the cartilage precursors of the 
auditory ossicles lying between the developing inner ear and the retained 
portion of the first gill furrow which may now be said to constitute the pn- 
mordium of the external auditory meatus At this stage the ossicles he above 
the primordial tympanic cavity, completely embedded in a very loose embry- 
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onal connective tissue During the latter part of mtra-utcrine Jifc the connective 
tissue about the ossicles begins to undergo rapid resorption with a resultant 
expansion of the tympanic cavity Ultimately the ossicles come to he sus- 
pended within tlie enlarged tyTnpanic cavity with only a thin layer of epi- 
thelium reflected over their periosteal investment At the time of birth, 
however, there is still a residue of unresorbed embryonal connective tissue 
partially filling the tympanic space and more or less damping the free 
movement of the ossicles (Fig 244) 



Fig 245 Stages in development of external car (After Streeter, Carnegie 
Cent to Emb , Vol 14, 1922 ) The parts derived from the mandibular side of 
the cleft are unshaded, the parts from the hyoid side arc indicated by stippling 
and by irregularly placed dashes 

The full movabihty of the ossicles is acquired within a few months after 
birth when the remaining loose connective tissue is absorbed \Vhen this has 
occurred movement imparted by sound waves to the eardrum is freely trans- 
mitted by the ossicles to the membrane of the oval window to which the stapes 
IS attached 

The point at which the ossicles are suspended by their ligaments is such 
that the activating side of the lever system which they constitute is the longer 
part, thus tending to mcrease the power delivered by tht impact of the stapes 
at the oval wmdow The mechanical advantage in tr^ansmission is further 
increased by the fact that the area of the eardrum is sonle 20 times as great as 
that of the oval window Actually, of course, there is considerable energy lost 
m transmission due to the inertia of the ossicles and tke damping effect of 
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the air in the tympanic cavity, but the net power gam m tlie system remains 
considerable 

External Ear The pinna of the car is formed by the growth of the mesen- 
chymal tissue flanking the first (hyomandibular) gill furrow of the young 
embryo During the second month a group of nodular enlargements appear, 
some of them arising from mandibular arch tissue rostral to the first gill fur- 
row, and others from the hyoid arch along the caudal border of the furrow 
The' coalescence of these tubercles and their further development molds the 
pinna of the ear (Fig 245) In view of the number of separate growth centers 
involved It IS not surprising that the configuration of the fully formed evternal 
ear exhibits a wide range of variations These individual difierences are easv 




Fig 246 Abnormalities of the evternal ear A, Micrognathia Hith external 
ears remaining in the primitive hyomandibular clift position (Sketched from 
specimen 3083 in the Konigl Path Mus , Berlin ) B, Similar case in lateral view 
from the Heidelberg Museum (From Streeter, after Schwalbe ) C, Incomplete 
fusion of the tubercles about the hyomandibular cleft (cf I ig 245) with result- 
ant formation of an abnormal auricle (Redrawn, slightly modified, after Arey ) 

to overlook until one begins to give particular attention to the details of ear 
shapes A little critical observ'ation, however, will soon make it apparent why 
European police utili7e the configuration of the ear as one of the very impor- 
tant features in the identificaton of persom m whom they are interested 
Anomalies of the Ear The most serious anomalies of the ear involve the. 
internal part of the mechanism and give no external manifestation of their 
existence Congenital deafness, lor example, may be due to defective nerve 
connections, to imperfect development of the neuro-epithelial receptors, or to 
faulty formation of the auditory ossicles In early postnatal lift incompletely 
resvorbed embryonal connective tissue about the ossicles may be involved in 
middle-ear infection, with the resulting formation of scar tissue and a conse- 
quent dampening of the free movement of the ossicles 

Defects of the external ear may be quite conspicuous without in any way 
interfering with hearing Failure of the tubercles about the hyomandibular 
cleft to fuse with each other, or failure of some of these tubercles to grow 
normally, may produce a variety of malformations (Fig 246, C) Much more 
striking, and fortunately exceedingly rare, ,s the development of the external 
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onal connective tissue Dm mg the latter part of mtra-utcrinc life the connects c 
tissue about the ossicles begins to undergo rapid resorption with a resultant 
expansion of the tympanic cavity Ultimately the ossicles come to he sus- 
pended within the enlarged tympanic cavity with only a thin layer of epi- 
thelium reflected o\cr their penostcil investment At the time of birth, 
however, there is still a residue of unresorbed embryonal connective tissue 
partially filling the tympanic space and more or less damping the free 
movement of the ossicles (Fig 244) 



Fig 245 Stages m development of external car (After Streeter, Carnegie 
Cont to Emb , Vol 14, 1922) The parts derived from the mandibular side of 
the cleft are unshaded, the parts from the hyoid side are mdicated by stippling 
and by irregularly placed dashes 

The full movabihty of the ossicles is acquired within a feiv months after 
birth when the remaining loose connective tissue is absorbed When this has 
occurred movement imparted by sound waves to the eardrum is freely trans- 
mitted by the ossicles to the membrane of the oval window to which the stapes 
IS attached 

The point at which the ossicles are suspended by their ligaments is such 
that the activating side of the lever system which they cbnstitute is the longer 
part, thus tending to increase the power delivered by thfe impact of the stapes 
at the oval window The mechanical advantage m ti'ansmission is further 
increased by the fact that the area of the eardrum is sonie 20 times as great as 
that of the oval window Actually, of course, there is comiderable energy lost 
m transmission due to the inertia of the ossicles and tke damping effect of 
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Development of the Face and Jaws and 
the Teeth 

FACE, JAWS, PALATE, AND TONGUE 

In dealing ^vlth young embryos, many of the structures and growth 
processes imoKed m the early development of the cephalic region have been 
touched upon m one way or another The precocious establishing of the 
neurocranval portion of the head is familiar So, also, is the senes of conspicu- 
ous gill arches which develop a little later and form the foundations of the 
Visceral part of the head In studying the early development of the digestive 
tract we saw that the primitive gut hrst appeared as a cavity which had 
neither oral nor anal opening but ended blindly at both us anterior and 
posterior ends (Fig 70, A, B) Wc followed, also, the way in which an open- 
ing m the future oral region is established by the meeting of an ectodermal 
depression, the stomodaeum, with the ccphalically growing anterior end of 
the gut (Fig 70, D) The stomodaeal depression, ev en as late as the time the 
oral plate ruptures and establishes communication between the anterior end 
of the gut and the outsiae world, is very shallow (Fig 56) The deep oral 
cavity characteristic of the adult is formed by the forw ard grow th of structures 
about the margins of the siomodaeutn Some idea of the extent of this forw ard 
growth can be gamed from the fat t that the tonsillar region of the adult is 
at about the level occupied by the stomodaeal plate before it ruptured and 
disappeared The growth of the structures bordering the stomodaeum then, 
not only gives rise to superficial parts of the face and jaws, but actually builds 
out the walls of the oral cavity itself 

The Jaws Because the front of the head of a young embrvo is pressed 
against us thorax, it is not possible in the usual lateral views (Figs 58-60) to 
see much of the interesting developmental changes going on in the facial 
region It is neecs-sary to study, m addition, specially prepared mounts of 
the head which can be so oriented as to provide direct views of the face In 
such a preparation of a four-week embryo (Figs 57, 247, A) the most con- 
spicuous landmarks are the stomodaeal depression, and the mandibular arch 
which constitutes its caudal boundary IVithm the next week most of the 
structures which take part m the formation of the face and jaws arc already 
cle-irlv distinguishable (Fig 247, B) In the mid-hne, cephalic to the oral 
cavity, IS a rounded overhanging prominence known as the frontal process 
427 
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ears on the upper part of the neck, wlh thc»r lobes pointing toward the mid- 
hne and not far apart This is a retention of the primitive hyomandibular 
cleft position (cf Tigs 246, A and 247, D) and is almost invariably associated 
with failure of the mandible to get its normal growth When this failure of the 
mandible to develop is extreme it is known as as^nathia, when it is somewhat 
less marked the condition is spoken of as mtcrognalfita It \\ouId seem probable 
that the lack of development of the mandible is the primary one of these 
associated defects, and that the primitive position of the cars persists because 
they arc not forced around to the side of the liead as is the case when the 
development of the lower jaw is normal 
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Fio 247 Draurngs showing, m frontal aspect, some of the important steps 
in the formation of the face (After William Patten, from Moms “Human 
\natomy ) 
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On cither side of the frontal process arc horseshoe-shaped elevations sur- 
rounding the olfactory pits The median limbs of these elevations arc known 
as the nasomcdnl processes and the lateral limbs arc called the nasolateral 
processes 

Growing toward the mid-hne from the ccphalolatcral angles of the oral 
cavity are the maxillary processes In lateral views of the head (Figs 58-60) 
It will be seen that the maxillary process and the mandibular arch merge 
with each other at the angles of the mouth Thus the structures which border 
the oral cavity ccphahcally are (1) the unpaired frontal process in the mid- 
Imc, (2) the paired nasal processes on either side of the frontal process, and 
(3) the pati-ed maxilhry processes at the extreme lateral angles (Fig 247, B) 
From these primitive tissue masses arc derned the upper hp, the upper jaw, 
and the nose 

The caudal boundary of the oral cavity is less complex, being constituted 
by the mandibular arch alone In very young embryos (Fig 247, A) the 
origin of the mandibular arch from paired primordia is still clearly evident 
Appearing first on either side of the mid-line arc marked local thickenings 
due to the rapid proliferation of mesenchymal tissue Until these thickemngs 
have extended from either side to meet m the mid-Iinc there remains a con- 
spicuous mesial notch, with their fusion, the arch of the lower jaw is completed 
(Fig 247, B-F) 

During the sixth week (Fig 247, C-D), very marked progress is made m 
the development of the upper jaw TTic maxillary processes become more 
prominent and grow toward the mid-lmc, crowding the msal processes closer 
to each other Tlie nasal processes, meanwhile, have grown so extensively 
that the lower part of the frontal process between them is completely over- 
shadowed (Cf Figs 247, B, D ) The growth of the medial limbs of the nasal 
processes has been especially marked and they appear almost m contact with 
the maxillary processes on either side The groundwork for the formation of 
the upper jaw is now well laid dov>n Its arch is completed by the fusion 
of the two nasomcdial processes with each other m the mid-lmc, and with 
the maxillary processes laterally (Fig 247, E, F) 

Toward the close of the second month, when the molding of the soft 
parts is well under way, formation of the deeper-lying bony structures begins 
The more medial portion of the maxillary bone which carries the incisor 
teeth arises from separate ossification centers formed in the part of the upper 
jaw which is of nasomedial origin This independent origin of the incisive 
portion of the human maxilla emphasizes its homology with what is m lower 
forms a separate bone known as the premaxillary or intermaxillary In the 
skulls of human infants the sutures separating the incisive portion from the 
rest of the maxilla are still evident, and occasionally traces of them may be 
made out m the adult skull The rest of the maxillary bone, carry ing ail the 
upper teeth behind the incisors, is developed m the part of the upper jaw 
which arises from the maxillary process It is one of the first bones in the 
body to be calcified (Figs 172-174) 
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Fig 250 Photographs (X 5) of dissections of pig embryos made to expose 
roof of mouth and show development of palate A, 20 5 mm , B, 25 mm , C, 26 5 
mm , D, 29 5 mm The diagrams of transwrse sections are set in to show the 
relations before (E) and after (F) the retraction of the tongue from between the 
palatine processes 
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1 hcsc paired structures parlilion off the more etphahe portion of the original 
stomodacal chamber Since it is mto this cephahe portion of the old stomo- 
dacal ca\ity that the nasal pits break ihrougli, the formation of the palate in 
effect prolongs the nasal chambers backward so they open cv cntually into the 
region where the oral cavity becomes continuous with the pharyax 

The palate as well as the arcJi of the upper jaw is contributed to by both 
the nasomcdial processes and the maxillaty processes From the premaxillary 
(naso-medial) rcgiort a small, triangular, median portion of the palate is 



Fig 249 Series of 15 left lateral views of head and facial region iii^cmbryo, 
fetus, newborn, infant, child, and adult (From Scammon, in Morns “Human 
Anatomy,” after figures of Vogt, Keibcl and Elze, Rctzius, and Schadow ) 


formed (Fig 250, A, B) The mam part of the palate is derived from that 
portion of the upper jaw which arises from the ma-xillary processes ShelWike 
outgrowths arise on either side and grow toward the mid-hne (Fig 250, A, B) 
When these palatal shelves first start to develop the longue lies between them 
and they are directed obliquely downward so their margins lie along the 
floor of the mouth on either side of the root of the tongue (Fig 250, E) 
As development progresses, the tongue drops down and the margins of 
the palatal shelves swing upward and toward the mid-lme (Fig 250, F) 
Further growth brings them mto contact with each other and their fusion 
soon completes the mam part of the palate (Fig 250, D) In the extreme 
rostral region the small triangular premaxillary (median palatine) process 
lies between the lateral palatine shelves and they fuse with it instead of with 
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jll-defined primordial masses of premuscle tissue can be identified m the floor 
of the pharynx directly opposite the origin of the twelfth (hypoglossal) nerve 
This mass of de\ eloping muscle merges without an)- perceptible line of demar- 
cation into the mesenchyme which underlies the floor of the oro-pharyn\ 
farther rostrad Its exact extent can not be determined either b> dissection 
or by the study of serial sections It should, therefore, be emphasized that 
illustrations such as Tigs 189 and 190, which show a circumscribed mass of 
tongue muscle, have been highly schematized m the light of information 
derived from lower forms Although it is difficult, m human embryos, accu 
rately to trace the forward migration of the tongue muscles themselves, the 
changing relation of the Uvclfih nerve which is associated with them makes 
the mam outline of the story sufficiently evident As the musde mass pushes 
forward underneath the mucosal layer of the tongue, the nerve follows along 
with It, so the course of the nerve m older embryos (Fig 217) and in the adult 
(Fig 218) clearly suggests the general path followed by the lingual muscles in 
their forward migration during development The fact that m operative work 
a median incision of the tongue can be made with very little bleeding indi- 
cates the way the muscle masses and ihcir associated blood vessels have re- 
mained clear of the mid-line, on cither side of which they arose as paired 
primordia 

Developmental Defects of the Face, Jaws, and Palate Because they are 
not concealed within the body, or by clothing, developmental defects m the 
region of the face and jaws arc quite gencrallv familiar 1 he regions most fre- 
quently involved are the upper lip, jaw, and palate The common designation 
of 1 cleft upper hp as a “harelip" is usually a misnomer, for the characteristic 
cleft in the Up of a hare, or a rabbit, is m the mid-hne and, except in exceed- 
ingly rare instances, an abnormal cleft in the human hp appears to one side 
or the other of the mid-line (Fig 253, A) It is quite obvious that such a defect 
IS located at the line where, during the second month of development, the 
maxillary process should have fused with the nasomedial process (Tig 247) 
As to the possible causes underlying such a failure of fusion, our knowledge is 
less satisfactory Such defects have been, attributed rather generally to some 
disturbance in intra-uterine living conditions which was supposed to be opera- 
tive at the time the growth processes leading toward the fusion were in a 
critical phase Of late an increasing amount of evidence points toward a more 
remote cause involving a gene defect The accumulating data— still admit- 
tedly inadequatc^eem to indicate that the condition is inherited, behaving 
as a Mcndehan recessive 

A cleft hp may be unilateral or bilateral, and may or may not be accom- 
panied by a cleft palate Generally when the defect m the lip is extensive both 
the jaw and the palate ’ 

mental disturbance (Fig 
of the palate is along the 
processes w hich is inv olv 
medial, being due to the 


ire iiKeiy to nave been atlected by the same develop- 
253) The defect in the jaw and m the anterior pan 
same line effusion between nasomedial and maxillary 
ed in a cleft lip Farther back in the palate the gap is 
failure of the lateral palatal shelves to unite with each 
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ventral aTca«5 of the second and third, and, to a lesser extent, the fourth 
visceral arches The fact that the ninth (glossopharyngeal) ncr\’c is the chief 
sensory nerve to the base of the tongue k exactly wliat one would expect from 
the position of origin of this part of the tongue covering, and the primary 
relations of the ninlli nerve to tiic visceral arches involved (Figs 216-218) 
Equally natural is the innervation of a small area at the extreme posterior 



Fig 252 Tongup, floor of mouth, and pharyngeal region of the adult (In 
part after Corning ) Pharynx has been cut open from behind to expose epiglottis 
and entrance to larynx The small sketch, louer left, suggests the parts of the 
tongue of different embryological ongin — for explanation cf Fig 251 


part of the tongue by the tenth (vagus) nerve, for it is this small region near 
the epiglottis that arises from fourth arch tissue 

Phylogenetically, the Ungual muscles are known to be derived from bilat- 
erally located mesodermal masses arising at segmental levels caudal to the 
point of origin of the tongue covering The ontogenetic recapitulation of this 
process in human embryos is, however, so slurred over that it is difficult to 
trace except in suggestive outline No direct evidence of the suspected ultimate 
ongm from the occipital myotomes is available, but m five-week embryos 
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ill-defined primordial masses of premnsde tissue can be identified in the floor 
of the pharynx directly opposite the origin of the twelfth (hypoglossal) nerve 
This mass of developing muscle merges without any perceptible line of demar- 
cation into the mesenchyme which underlies the floor of the oro-pharynx 
farther rostrad Its exact extent can not be determined either by dissection 
or by the study of serial sections It should, therefore, be emphasized that 
illustrations such as Figs 189 and 190, which show a circumscribed mass of 
tongue muscle, have been highly schematized in the light of information 
derived from lower forms Although it is difficult, in human embryos, accu 
rately to trace the forward migration of the tongue muscles themselves, the 
changing relation of the twelfth nerve which is associated with them makes 
the mam outline of the story sufficiently evident As the muscle mass pushes 
forward underneath the mucosal layer of the tongue, the nerve follows along 
with It, so the course of the nerve in older embryos (Fig 217) and in the adult 
(Fig 218) clearly suggests the general path followed by the lingual muscles m 
their forvvard migration during development The fact that in operative work 
a median incision of the tongue can be made with very little bleeding indi- 
cates the way the muscle masses and their associated blood vessels have re- 
mained clear of the mid-linc, on cither side of which they arose as paired 
pnmordia 

Developmental Defects of the Face, Jaws, and Palate Because they arc 
not concealed within the body, or by clothing, developmental defects in the 
region of the face and jaws arc quite generally familiar The regions most fre- 
quently involved are the upper hp, jaw, jind palate The common designation 
of a cleft upper Up as a “harelip” is usually a misnomer, for the characteristic 
cleft in the hp of a hare, or a rabbit, is in the mid-line and, except m exceed- 
ingly rare instances, an abnormal cleft in the human lip appears to one side 
or the other of the mid-line (Fig 253, A) It is quite obvious that such a defect 
IS located at the line where, during the second month of development, the 
maxillary process should have fused with the nasomedial process (Fig 247) 
As to the possible causes underlying such a failure of fusion, our knowledge is 
less satisfactory Such defects have bcemattnbuted rather generally to some 
disturbance in mtra -uterine living conditions which was supposed to be opera- 
tive at the time the growth processes leading toward the fusion were in a 
critical phase Of late an increasing amount of ev idencc points toward a more 
remote cause involving a gene defect The accumulating data—still admit- 
tedly inadequate— seem to indicate that the condition is inherited, behaving 
as a Mendehan recessive 

A cleft hp may be unilateral or bilateral, and may or may not be accom- 
panied by a cleft palate Generally when the defect in the lip is extensive, both 
the jaw and the palate are likely .to have been affected by the same develop- 
mental disturbance (F.g 253) The defect m the jaw and m the anterior pan 
of the palate IS along the same line of fusion between nasomedial and maxillan 
processes which is involved m a cleft hp Farther back m the palate the gap is 
medial, being due to the failure of the lateral palatal shelves to unite with each 
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other (cf Figs 250, 253) Such defects kasc the oral amJ nasal chambers 
m open communicnlion and cause an unmistakable tluckncss of speech m 
addition to the facial difigurcmcnt Fortunnicly, modem surgery' can do 
much toward repairing such condiliom provided the infant is immcdiatclj 
placed m the proper hands It can not bt too stronglj emphasized that, the 
longer such a condition is allowed to go without the mstituling of proper 
corrective measures, the less hkcl) arc sitisfactof) end-results 
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Fio 253 Cases of cleft lip and cleft pilate (Modified from Coming ) 


Many defects less common than simple cleft hp and palate svill be seen m 
any large oral surgery clinic Occasionally in cases ol bilateral cleft lip and 
palate the premaxillary portion of the upper jaw, being entirely unattached 
to the maxillary processes, is earned forward by the growth of the nose so that 
it IS completely out of line with the rest of the jaw (Fig 254, D) Although 
exceedingly rare, median clefts of the upper jaw sometimes occur (Fig 254, 
A) where the nasomedial processes of either side ordinarily fuse ivath each 
other during the seventh week (Fjg 247, B, E) This uncommon defect 
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Tig 254 De\ elopmtmal defects of the face occurring along lines \%hcrc fusion 
of groiMng parts should normall) occur 

A, Median cleft of upper hp (From Schwalbe ) This is a ver) uncommon 
type of defect in which the two nasomcdial processes ha\e failed to fuse with 
each other 

B, Median cleft of the lower jaw (After Schalbe ) This also is a \ery uncom- 
mon defect due to failure of the two lateral halves of the mandibular arch to 
make union medially 

C, Double cleft bps The hp defects are similar to those illustratt d in Fig 253, 

B, but this infant is also microcephahc (Sketched from a specimi n in the 
Dupuytren ^^useum, Pans ) 

D, Case of bilateral cleft hp in which the nasomednl components have been 
earned forward on the tip of the nose (Sketched from a case coming to autopsv 
m the Algemeini s Kranl enhaus, Vienna ) 

E, , Oblique facial cleft (unclosed naso optic furrow) combined with com- 
plete absence of the medial portion of the upper hp and jaw (Sketched from a 
specimen m the Path Anat Inst , Munich ) 

F, Oblique facial cleft combined with unilateral cleft hp (ModiBed from 
Schwalbe ) 

B and 254, B) Another defect which may occur is known as an oblique facial 
cleft or open nasolacrimal furrow (Fig 254, F) This condition is the result of 
the failure of the naso-optic furrow to close over as it does normally m the 
formation of the nasolacrimal duct It usually occurs in combination with a 
cleft Up 
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In addition to defects of the foregoing types which dearly occur where 
cmbryological fusions have failed to take place, there are a variety of abnor- 
malities due to local distortions of growth A particular area, as for example 
the lower jaw, may lag in development It may be just a little small for the 
rest of the face in which case we think of it as an individual peculiarity In 




I IQ 255 Some of the rarer t> pcs of facnl anomalies m which the underlying 
developmental defects arc more complex than the fusion failures such as those 
illustrated in Fig 254 (All,cxccptB,skctchcdfromspccimcnsinthePath Anat 
Museum, Vienna ) 

A, Divided nose and malfonticd mouth, also a defect in cranium so the 
meningeal covering of the brain js exposed 

B, Very poorly developed lower jaw (micrognathia) viith external auditory 
meatus remaining nearly in the pnmitive gill-arch position (Sketched from a 
specimen m the Konig Path Museum, Berlin ) 

C Malformed, buttonhke nose with no nasal openings 

D, Malformed tubular nose without nasal openings 

E, Tubular nose overhanging a rudimentary and deeply embedded median 

eve 

F, Individual with well developed median c (cyclops) and a tube-like pro- 
tuberance ibove the eje in addition to one in the nasal region 


occasional cases the defect is so extreme that it distorts the entire proportions 
of the face and we then regard it as an anomaly called micrognathia In such 
cases the position of the extt rnal ears is also involved Not being crowded up- 
ward and backward by the normal growth of the jaws, they remain on the 
side of the neck in the primitive location of the hyomandibular cleft (Fig 255, 
B) In the same general category of local growth deficiencies would come the 
cases in which the nose fails to form There may, for example, be a buttonjike 
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nose with no nostrils, indicating a failure of the nasal pits to deepen and break 
through into the oral cavity (Fig 255, C) 

Some of the conditions arising from local growth defects are of interest 
from other than the biological or medical standpoint It is possible that they 
may have furnished the initial stimulus to the imagination which created 
some of the monsters of mythology The Cy clops, one-eyed giants of Homer’s 
Odyssey, may have come into being because some impressionable Greek saw 
an infant with but a single eye in the middle of its forehead (Fig 255, F) This 
malformation, known as cyclopia, is apparently due to a disturbance of the 
growth of the medial part of the forebram at a very early stage of development 
which causes the primordial optic vesicles to converge toward each other and 
fuse to form a single median eye 

Not infrequently the disturbance which is responsible for a malformation 
IS m the nature of exuberant or erratic growth rather than a local growth 
deficiency Confronted by such a case we arc likely to say that there has been 
a failure m the mechanism which normally regulates and directs growth 
Although true enough, this is merely an erudite way of avoiding the admission 
that we do not know the real underlying causes Examples m point arc the 
curious proboscislike masses of tissue which sometimes occur at (Fig 255, D) 
or near (Fig 255, E, F) the location where the nose should have been found 
There seems little doubt that such structures represent nasal processes which 
lack a nasal pit and have grown into bizarre forms -Mthough we are com- 
pletely Ignorant of the causa! factors involved, such cases are, nevertheless, 
theoretically significant because they emphasize the fact that by no means all 
cmbryological defects ire of the “developmental arrest” ty'pe 

THE TEETH 

In primitive vertebrates the teeth are smaller, more numerous, and dis- 
tributed over much wider areas than is the case in mammals In their simplest 
form they are plates with conical protruding tips consisting of a core of calci- 
fied material called dentine, and an apical cap of much harder calcareous 
material called enamel They are true dermal organs, for their dentine is 
formed by the connective-tissue layer of the skin, and their enamel by the 
epithelial layer In the development of our own more highly specialized teeth 
It IS interesting to see retained the same dual origin from epithelium and 
underlying mesenchyme Even though our teeth start to form completely 
inside the gums instead of on a dermal surface, their enamel comes from 
specialized areas of epithelium which have grown down into the locations 
i\here the teeth are formed Likewise their dentine comes from specialized 
mesenchymal cells of the same stock as the cells which give rise to the connec- 
tive-tissue layers of the skm ^Vhcn it is recalled that the epithelium which 
lines the tooth-forming part of the oral cavity is infolded stomodaeal ectoderm 
we can sec that, highly specialized as they are as to both structure and devel- 
opment, our own teeth have retained fundamentally the same origin m 
ontogem as they had in phylogeny 



Fig 257 A, Projection dra^vmg (X 150) of the dental ledge of a human 
embryo of the eighth week The drawing ^vas made from the area indicated by 
the rectangle in Fig 25o 

B Projection drawing (X 150) of a comparable areafrom a somewhat older 
embiyo (University of hfichigan Coll , EH IS, C-R, 30 mm ) Note appearance 
of pnmordmm of enamel organ of the milk tooth as a local bud on the side 
of the dental ledge 
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Fio 258 Schematic diagrams shoeing relations of enamel organs to dental 
ledge (Based, in part, on the reconstructions of Rose ) 

A, Stereographic diagram of lower jau to show location of primordia of the 
enamel organs of the milk teeth 

B, Stereographic diagram of the enamel organs of a cuspid and the adjacent 
lateral mcisor, at a stage somewhat more advanced than that shown in A 

C, Stereographic diagram of the enamel organ of the second milk molar 
showing the location of the pnmordium of the enamel organ of the permanent 
biscuspid and the C'ctension of the dental ledge from which the pnmordia of the 
enamel organs of the permanent molars arise 
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Hr 256 Projection dnwmtt, X 20, of a section through the jaw-s of a 
human embryo of the eighth week (Univcrsii) of Michigan Coll , EH 164, 
C-R, 25 mm ) Outline, lower left, shows actual sire of t mbr\o, anti the hnc 
across the jaws gives the location of the section The rectangle about the 
dental ledge indicates the area represented at higher magnification in Fig 
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Fig 257 A, Projection drawing (X 150) of the dental ledge of a human 
embryo of the eighth week The drawing was made from the area indicated by 
the rectangle in Fig 250 

B Projection drawing (X 150) of a comparable area from a somewhat older 
embivo (University of Michigan Coll , EH 1 5, C-R, 30 mm ) Note appi arance 
of primordium of enamel organ of the milk tooth as a local bud on the side 
of the dental ledge 
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begm to develop actively only after the ja«s have enlarged sufficiently to 

accommodate the permanent dentition ^ . .u 

The histogenetic processes involved in the fomiauon of deciduous teeth 
and permanent teeth are essentially the same It is, therefore, “ 

trace them only in the case of the deciduous teeth, keeping in mind that the 
same process is repeated later in life in the formation of the permanent teeth 
In a section of the jaw of a human embryo of the eleventh vv eek, cut at a pom 



Fig 260 Projecnon dra\\ing (X 150) of tooth primordium m a human 
embryo of the eletenth tseek Location of area drawn is indicated b> the 
rectangle m Fig 259 


where a “milk” tooth is developing, the shape of the enamel organ suggests 
that of a poorly formed, inverted goblet with the section of the dental ledge 
appearing somewhat like a distorted stem (Fig 260) The epithelial cells 
lining the inside of the goblet early take on a columnar shape Because they 
constitute the layer which secretes the enamel cap of the tooth, they are called 
ameloblasts (enamel formers) The outer layer of the enamel organ is made 
up of closely packed cells which are at first polyhedral in shape but which 
soon, with the rapid growth of the enamel organ, become flattened They 
constitute the so-called outer epithelnun of the enamel organ Between the 
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Dental Ledge Local changes leading [ouard tooth formalron can be 
made out m the cmbrj'onic jaws toward the close of the second month of 
development By the scventli week a dcfmitc thickening of the oral epithelium 
can be made out on both the upper and the lower jaw This band of cpi- 
Ihclia! cells which by the eighth week has begun to push into the undcrlymg 
mcscnchjmc around tlie entire are of cich jait u known as the denial ledge 
(lamina) (figs 256, 257, A) Almost coincidcntly a cellular ingrowth slightly 



Fio 259 Projection drawing, X 10, of a section through the jaus of a 
human embryo of the eleventh week (University' of Michigan C^l , £H 398, 
G-R, 58 mm ) Outline, left, shows actual size of embryo, and line across the 
jaws gives location of section Small polygon enclosing pnmordium of milk 
molar indicates area represented at higher magnification m Fig 260 


nearer the outside of the jaw begins to mark off the territory which is to be- 
come the iip from that which is to become the gum This bandlike ingrowth 
of cells IS known as the labiogingival lamina (Fig 257, A) 

Enamel Organs After the dental ledge is established, local buds arise 
from It at each point where a tooth is destined to be formed (Fig 258) Since 
these cell masses give rise to the enamel crown of the tooth they are termed 
“enamel organs ” As would be expected, the enamel organs for the deciduous 
(“milk”) teeth are budded off from the dental ledge first, but the cell clusters 
which give rise to the enamel of the permanent teeth, although they arise 
later, are formed at a surprisingly early tune (Figs 258, B, C, 26!) They 
remmn dormant, however, during the growth of the deciduous teeth and 
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blasts to the neighboring vascular supply would appear to be significant, since 
It IS precisely here at the tip of the crown where the ameloblasts first begin to 
secrete enamel (Fig 263) 

By this time the dental ledge has lost us connection with the oral epi- 
thelium although traces of it can still be identified m the mesenchyme at the 
lingual side of the tooth germ (Fig 263) The cluster of cells which is destined 
to guc rise to the enamel organ of the permanent tooth of this le\el can be 
seen budding off from the ledge close to the point from which the enamel 
organ of the milk tooth arose (Fig 261) 

Formation of Dentine With these preparatory developments complete, 
the tooth-forming structures are, so to speak, read) to go about the fabrication 
of dentine and cnimcl As is the case with bone, enamel and dentine are both 
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Fig 262 Projection drawing (X 350) of segment of enamel organ 
and adjacent pulp from a 120-mm pig embrvo to show ameloblast and 
odoniobhst layer* The stage of differentiation here showm is closely 
comparable >Mth that seen m human embryos of the fourth month 


composed of an organic basis in which inorganic compounds are deposited 
We may use the same comparison that was used in describing bone — that of 
the familiar use in construction operations of a steel meshwork into svhich 
concrete is poured, the steel gwmg the finished structure some degree of 
elasticity and increasing the tensile strength, while the concrete gives bod\ 
and solidity So, likewise, m the case ol such hard structures in the body as 
bone, dentine, and enamel, the interlacing organic strands in the matrix give 
the tissue its tensile strength and rcsihancc, and the calcareous compounds 
deposited m the organic framework give form and hardness 

Although bone, dentine, and enamel are similar m having both organic 
and inorganic constituents m their matrix they are quite different in detail 
both as to composition and microscopical structure Bone has approximately 
45 per cent of organic material while dentine has but 28 to 30 per cent and 
adult enamel less than 5 per cent There are also minor differences in the kind 
and proportions of inorganic compounds present in each Histologically thev 
are totalh unlike Bone matrix has cells scattered through it m lacunae 
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outer epithelium and the amcloblasi layer is a loosely aggregated mass of cells 
designated collcctiv cl> , because of their characteristic appearance, tlie enamel 
pulp, or the stellate reticulum 

Dental Papilla Inside the goblcl-slnpcd enamel organ there is a mass of 
mesenchymal cells called the dental papilla The dental papilla constitutes 
the pnmordium of the pulp of the tooth (Fig 260) 1 he cells of the dental 
papilla proliferate rapidl) and soon form a \cr> dense aggregation A little 
later in development the enamel organ begins to assume the shape clnractcr- 



Fio 261 Projection driuing, X 50, of a parasagittal section of the lower 
jaw of a human embr>o of the fourteenth week, passing through the primor- 
dium of a lower central incisor (University of Klichigan Coll , EH 145, C-R, 
104 mm ) The small sketch, lower left, indicates the relations of the area 
represented 

istic of the crown of the tooth it is to lay down (Fig 261) At the same time 
the outer cells of the dental papilla take on a columnar form similar to that 
of the ameloblasts (Fig 262) They are now called odontoblasts (dentine 
formers) because they are about to become active m secreting the dentine 
In the central portion of the dental papilla vessels and nerves are begin- 
ning to make their appearance so that the picture is already suggestiv e of the 
condition seen m the pulp of an adult tooth Meanwhile the growth of the 
dental papilla toward the gum has begun to crowd m on the stellate reticulum 
of the enamel organ m the region of the future tooth’s crown (Fig 261) This 
brings the ameloblasts of this region much closer to the many small blood 
vessels which he m the surrounding mesenchyme The approach of the amelo- 
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If attention is turned now to the recently formed dentine, two zones dis- 
tinctly different in staining reaction tan be seen The zone nearer the cells is 
pale, taking but little stain (Fig 264) This zone consists of the recently 
deposited organic part of the matrix not as yet impregnated with calcareous 
material The zone nearer the enamel organ will be found, by contrast, very 
intensely stained This is the older part of the dentine matrix which has had 
the organic framework^ impregnated with calcareous material 

As the odontoblasts continue to secrete additional dentine matrix, the 
accumulation of their own product inevitably forces the cell layer back, away 
from the material previously deposited Apparently strands of their cytoplasm 

'vc&stl dentine enamel blood vesse) jn 



tiG 264 Projection drawing (X 350) of small segment of de- 
veloping incisor from 130-mm pig embryo to show formation of 
enamel and dentine The conditions here shown are closelv compar- 
able with those seen in human embryos late m the fifth month 


become embedded m the material first laid doivn and are then pulled out to 
form the characteristic processes of the odontoblasts known as the dentinal 
fibers (Fig 264) As the layer of secreted material becomes thicker and the 
cells are forced farther from the material first deposited, these dentinal fibers 
become progressively longer Lven m adult teeth, where the dentine ma> be 
as much as 3 mm m thickness, they extend from the odontoblasts ivhich line 
the pulp chamber to the very outer part of the dentine These dentinal fibers 
are behevi d to be concerned with maintaining the organic portion of the 


I There is some division of opinion among histologists is to the ongm of the organic framework 
of dentine It used to be thought that the odontoblasts Brst formed this feltlike framework of fibrous 
material and then impregnated it with calcium salu Of late there has been strong advocacy of the 
view that the fibrous tnatenal is formed by mesenchymal cells lying close against the odontoblasts 
and insinuating slender processes beti>cen them According to this interpretation the fibrous fcltwork 
IS formed through Ac medium of these slender ^ processes and the odontoblasts are concerned 
only with the transfer of cal^icous material Such controversies as to details should not be allowed 
to divert attention from the fundamental that the matnx of dentine, like Ac matrix of bone is 
formed by calcareous impregnation of a feltworlt of fibers laid down in advance 
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Dentine Ins its cellular elements lying against one face and sending long 
processes into tubules m the matrix Lnamcl is prismatic m structure and the 
cells which formed it arc destroyed m the eruption of the tooth 

The first dentine is deposited against die inner face of the enamel organ, 
the odontoblasts drauing their raw mattmls from tlic small vessels m the pulp 
and secreting their finished product toward the enamel organ It is significant 
m this connection that m an active odontoblast the nucleus, which is the 
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Fig 263 Projection drawing, X 40 (onentmg sketch, lower left, X 5), of 
primordium of lower central milk mcisor from a human embryo of 19 wee^ 
presumptive fertilization age (University of Michigan Coll , EH 143, C-R, 
174 mm ) 


metabolic center of the cell, gravitates toward the source of supplies and comes 
to he in the extreme pulpal end of the cell (Fig 264) Significant, also, in the 
same connection is the fact that the end of the odontoblast toward the enamel 
organ, where the elaborated product of the cell is being accumulated prepara- 
tory to its extrusion, can be seen to take the stain especially intensely Although 
our knowledge of intracellular chemistry is as yet exceedingly fragmentary 
and we do not know the exact chemical nature of the product m this stage, 
the staining reaction of the odontoblasts is clearly indicative of the presence 
of calcium compounds of some SOTt 
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must mov e closer to the surface of the gum E\ cn ^\ hen the crow n of the tooth 
begins to erupt the root is stiU incomplete and it does not acquire its full length 
until the cro^vn has entirel) emerged 

A record of the succcssne zones imoKed in the process of calcification 
appears m adult teeth, m both the enamel and the dentine, m the form of the 
so-called contour lines or growth hncs (Fvg 267) These lines due to the 
c> clic V ariations in the rat< or character of deposition, gn e us an unequn ocal 
picture of the successue shapes that the tooth assumed at different stages m 
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Fig 265 Projccuon drawing fX 8) of upper ja%s of a term fetus shcnimg 
developing central incisor tooth Onenimg sketch m lower right-hand corner 
11 actual size 


Its development (Compare the extent of the enamel and the dentine as shown 
in Fig 263 with the growth lines numbered 1 m Tig 267 For a later stage in 
the process compare Fig 265 with the growth lines numbered 5 in Fig 267 ) 
Formation of Cementum The hard substance of a tooth knowm as 
cementum is \ irtually a bone encrustauon of the root No cementum is formed 
until the tooth has acquired nearly its full growth and approximateh its 
definitive position in the jaw, but the first indications of specialization m the 
tissue destined to give rise to it can be seen long before the cementum itself 
appears Outside the entire tooth germ, between it and the developing bone 
of the jaw, there occurs a definite concentration of mesenchymie The con- 
centration becomes CMdent first at the base of the dental papilla and extends 
thence crownward about the dexelopmg tooth, which itesentuaily compIeteH 
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dentine matrix m a healthy condition When the pulp is removed from a 
tooth, taking with it the odontoblasts, wc know that the dcnlmc undergoes 
degenerative changes which involve, among other things, darl cnirig and in- 
crease m brittleness This would seem to be attributable to the degeneration 
of the organic framework of a matrix no longer nourished by the odontoblasts 
It IS also probable that these slender cytoplasmic processes act as inter- 
mediaries m transmitting pain impulses to the nerve fibers winch end about 
the base of the odontoblasts 

Formation of Enamel While the dentine is being laid down by the cells 
of the odontoblast layer, tlic enamel cap of the tooth is being fonned by the 
amcloblast layer of the enamel organ As was the case w’lth the odontoblasts 
the active cells of the amcloblast layer are columnar m shape, and their nuclei, 
too, he m the ends of the cells toward the source of supplies — m this case the 
small vessels in the adjacent mesenchyme (Fig 264) The amount of organic 
material laid down as the framework of enamel is much less than is the case 
with either bone or dentine, and consequently it is ratlicr more difficult to 
make out Its precise character and arrmgement It is, nevertheless, possible 
to see in decalcified sections, delicate fibrous strands projecting from the tips 
of the amcloblasts into tlic areas of newly formed enamel (Fig 264) It seems 
probable that these strands (Tomes fibers or processes) arc in some way 
involved m the formation of the organic matrix of enamel The problem of 
tracing the relations of Tomes fibers is greatly complicated by the fact that, 
where the ameloblasts ha%c deposited calcium compounds, tlie calcium has 
rendered the organic part of the matrix so avid m its affinny for stains that it 
IS not possible to discern fine structural details because of the very' density of 
the resulting coloration (Fig 264) This reaction of the tissue to stains persists 
even after the inorganic calcium comjKmnds ha\c been rcmo\cd by decalcifi- 
cation, indicating that the organic framework itself has been chemically 
altered by the calcium deposited in it 

In spite of these difficulties m getting at tlie exact nature and arrange- 
ment of the organic matrix of enamel, it is quite possible to see the genesis of 
Its fundamental prismatic structure Each amcloblast builds up beneath itself 
a minute rod or prism of calcareous material These prisms are placed ivith 
their long axes approximately at right angles to the dento-enamel junction 
Collectively they form an exceedingly hard cap over the crown of the tooth 
which in Its structural arrangement suggests a paving of polygonal bricks laid 
on end There is sufficient difference m the rate at which the different amelo- 
blasts work so that in actively growing enamel the surface is jagged and 
irregular, due to the varying < xtent to which the different prismatic elements 
have been calcified (Fig 264) 

Enamel formation and dentine formation both begin at the tip of the 
crown (Fig 263) and progress toward the root of the tooth The entire crown 
IS well formed before the root is much more than begun (Fig 265) The pro- 
gressiv e increase m the length of the root is an important factor in the eruption, 
of the tooth, for as the root increases in length the previously formed crown 
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must move closer to the surface of the gum Even when the crown of the tooth 
begins to erupt the root is still incomplete and it does not acquire its full length 
until the crown has entirely emerged 

A record of the successive zones involved m the process of calcification 
appears in adult teeth, in both the enamel and the dentine, in the form of the 
so-called contour lines or growth lines (Fig 267) These lines, due to the 
cyclic V ariations in the rate or character of deposition, giv e us an unequiv ocal 
picture of the successive shapes that the tooth assumed at difierent stages in 
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surround? This mcsench)ma! mvcsltncnt is known as llic dental sac (Fig 
265) fn the eruption of the tooth tlic portion of the dental sac over the crown 
IS destroyed, but the deeper portion of the sac persists and becomes differ- 
entiated into a connective-tissue layer which is closely applied about the 
dentine of the growing root T his layer m its ongin from mcscnchyonc, andm 
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Fio 266 Scmuchcinsitic diagram showing a mdh tooth partially eniptrd 
The root is not yet fully formed, but the arrangement of Us?ues surrounihiig 
growing root ilready indicates how jt wiH be attached within alveolar socket 


the manner in which it becomes specialized, closely resembles the periosteal 
la>er about a developing bone It is to all intents and purposes a layer of 
periosteal tissue with its ostcogenetic cells next to the root of the too^ and its 
fibrous layer merging %vith the periosteal laviy Urung the alveolar socket These 
two periosteal la>ers lying, so to speak, back to back m the space between the 
tooth mid the bone of the jaw togethw* constitute the pmdertal meirbrane 
Because the cells of die peridental nwtnbrane adjacent to the tooth form 
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cementum, the> are said to constitute the (Fig 266) At a^mit 

the tune the tooth has acquired its final position in the jaw the cells of this 
layer begin to deposit cementum about the dentine of the root Histologically 
and chemically, as one might expect from its manner of origin cementum is 
very similar to subperiosteal bone At first thin, the layer of cementum is 
gradually thickened as the tooth matures 



Fig 267 Schematic diagram showing topography of a tooth and its rela- 
tions to the bone of the jaw Numbered zones indicate empirically the sequence 
of deposition ot dentine and enamel The so-called growth lines in dentine and 
enamel follow general contours indicated by dotted lines in illustration but are 
much more numerous 


Attachment cf the Tooth in the Jaw The attachment of the tooth is 
brought about b> the development of strong bundles of white fibrous con- 
nective tissue m the peridental membrane between its root and the bony 
socket in which it lies As the periosteum of the alveolus adds new lamellae of 
bone to the jaw on the one side, and the cementoblasts add lamellae of 
cementum to the root of the tooth on the other, the ends of these fiber bundles 
in the alv eolar periosteum are caught in the new lamellae Thus the tooth 
comes to be held in place b> fibers which arc literally calcified into the 
cementum of the tooth at one end, and into the bone of the jaw at the other 
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surrounds This mesenchymal investment is known as the dental sac (Fig 
265) In the eruption of the tooth the portion of the dental sac o\ cr the crown 
IS destroyed, but the deeper portion of the sac persists and becomes difier- 
entiated into a conncclivc-tissuc layer which is closely applied about the 
dentine of the growing root This layer in its origin from mtsenehyme, and m 



the manner in which it becomes specialized, closely resembles the periosteal 
layer about a developing bone It is to all intents and purposes a layer of 
periosteal tissue with its osteogcnetic cells next to the root of the tooth and its 
fibrous layer merging with the periosteal layer hmng the alveolar socket These 
two periosteal layers lying, so to speak, back to back m the space between the 
tooth and the bone of the jaw together constitute the peridental membrane 
Because the cells of the peridental membrane adjacent to the tooth form 
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Tig 269 Photomicrograph (X 6) of section through jau of a 
puppy sho^\lng a milk tooth nearly ready to drop out and the 
de\ eloping permanent tooth deeply embedded in the jau below it 
Space about crown of permanent tooth was occupied in the living 
condition by enamel Fully formed enamel, being appro\imateIy 
97 per cent inorganic in composition, is almost completely destroyed 
by the decalcification with acids which must be earned out before 
such matenal can be sectioned (From a preparation loaned by 
Dr S \V Chase) 





Fig 268 Jaw s of t child in sixth) car dissected to shou relations of primordia 
of permanent teeth to milk dentition (Redrawn after Broomcll and Fischelis, ni 
“Anatomy and Histology of the Mouth and Teeth ”) 

tooth (Fig 261) With the disappearance of the dental ledge the permanent 
tooth germ comes to he in a depression of the alveolar socket on the lingual 
side of the developing milk tooth (Fig 265) 

When the jaws approach their adult size the hitherto latent primordia of 
the permanent teeth begin to go through the same histogenetic changes \\c 
have traced already m the case of the temporal*) teeth As a permanent tooth 
increases in sizOj the root of the corresponding deciduous tooth is resorbed and 
the permanent tooth comes to lie underneath its remaining portion (Figs 268, 
269) Eventually nearly the entire root of the milk tooth is destroyed and its 
loosened crown drops out, making way for the eruption of the permanent 
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Fig 269 Photomicrograph (X 6) of section through jaw of a 
puppy showing a rmik tooth nearly ready to drop out and the 
developing permanent tooth deeply embedded in the jaw below it 
Space about crown of permanent tooth was occupied in the living 
condition by enamel PuJly formed enamel, being approximately 
97 per cent inorganic in composition, is almost completely destroyed 
by the decalcification with acids which must be carried out before 
such material can be sectioned fProm a preparation loaned by 
Dr S W Chase) 
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In the foregoing pages the devdopment of the teeth has been presented m 
general terms with the emphasis on interpreting tlic fundamental histogcnctic 
processes involved Because of the simplicity of their configuration incisor or 
cuspid (canine) teeth have been used for illustrative purposes With minor 
modifications as to details the account is applicable to the development of 
more complex teeth such as the bicuspids or molars It is onl) necessary to 
rcalire that m the formation of a tooth with multiple cusps and roots the 
enamel organ is shaped accordingly 1 he growth of each cusp and each root 
of a molar proceeds along the same lines foUoivcd by the single crown and 
single root of an incisor 


Syeare 
I •year 



ISyears- 

I2veers- 

lOyears 


A DECIDUOUS TEETH 



B PERMANENT TEETH 


Fig 270 Progress of calcification in deciduous and permanent teeth (Adapted 
from several sources ) 


Tunes of Calcification and of Eruption Each type of tooth in thedecidu- 
ous dentition and the permanent dentition has its individual history as to the 
time calcification begins and the time eruption may be expected There is, 
of course, considerable variability, but the approximate ages at which the«e 
events occur in the different teeth is fairly well established Fig 270 summa- 
rizes graphically the data on the rate of calcification Where a time line 
crosses the diagram of a tooth, it indicates that the portion of the tooth crown- 
ward from the line has been calcified at that time The accompanying table 
gives the ages at which the erupuon of the different teeth may be expected 
It should be emphasized that these are merely the usual ages and that con- 
siderable individual variation may be expected to occur within the range of 
normalcy The informauon covered by the calcification graph of F ig 270 
and the followng table on tooth eruption is of the type that should be avail- 
able for ready reference Unless one were working m a field such as pediatrics, 
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radiology, or orthodontia, where such information is regularly utilized, its 
memorizing would not be a profitable use of one’s time and energy 


Table SnomNO Usual Ages at Which Eeuptio') of the Different Teeth AIay 
Be Expected to Occur 


Deciduous Teeth 
Central incisors 
Lateral incisors 
Cuspids 
First molars 
Second molars 


6- 8 mos 

7- 10 mos 
14-18 mos 
12-14 mos 
20-24 mos 


Permanent Teeth 


Central incisors 
Lateral incisors 
Cuspids 
First bicuspids 
Second bicuspids 
First molars 
Second molars 
Third molars 


about 7 \rs 
8-9 >re 
12-13 >rs 
about 10 >rs 
about 11 tTs 

6-7 vTb 
12-13 >Ts 
17-25 )TS and 
sometimes 
much later 


Developmental Abnormalities of tbe Teeth The common develop- 
mental disturbances m tooth formation may imolte defective laying down of 
their hard substances, abnormalities in the sliape of individual teeth and 
abnormalities in the number and position of the teeth within the jaws 



Fig 271 Developmental anomalies of teeth (Schematized from cases 
illustrated m Endleman and Wagner “General and Dental Pathology ” A, 
Upper central incisor Mith row of erosion pits along outcrop of a zone of 
hypoplastic enamel B, First mo/ar with so-called “raspberry crown” due to 
hypoplastic enamel Same tooth shoivs an “enamel pearl” adherent to its 
neck C, Upper lateral incisor showing changes in direction of growth during 
root formation D, Cuspid showing abnormal root bifurcation E, Upper 
central and lateral incisors widi their roots grown together 

Calcification Defects Calcification defects mav invoK c any of the hard 
parts of a tooth and their nature is correlated with the structural pattern and 
the manner of development of the part involved The commonest defect in 
enamel formation is due to disturbances in calcium deposition Such hypo- 
plasia of the enamel often shows up along the outcrop of a particular growth 
line It ma> be indicated merely b> a band of opaque whiteness if the defi- 
ciency m calcification is slight, or if it is more extreme a row of erosion pits 
IS likely to show at the surface (Fig 271, A) By reference to the calcification 
chart (Fig 270), one can ascertain the time at which the defective growth 
occurred For example, the zone of defective enamel m the upper central 
incisor shown m Fig 271, A, must have been laid down m the unerupted 
tooth when the child was about a year old The number of mstances m which 
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some acute illness, especially one involving cutaneous eruptions and marked 
temperature elevation, occurred nl the time the defective enamel was being 
formed, strongly suggests a causal relation I iiis is borne out by the appear- 
anoc of calcification defects in the corresponding age rones of other teeth 
(Sec, for c\amplc, the first molar shown in Tig 271, B ) 

In the dentine defective cnlcifiration most often occurs m the form of 
multiple small areas (inttrglobular spaces) in which calcium was not de- 
posited Such spaces ma> be so small and scattered that thev have little 
practical importance, or thej maj lie so extensive in some particular growth 
/one that they constitute a line of structural weakness m the tooth 

AnNORMALiTirsiN SiiAPi oi Individual IrcTii These arc not uncommon 
There may be sharp bends in the root indicating some disturbance in the rela- 
tions of the root sheath (Tig 271, C) In extreme erases the root maj even 
recurve so it is liook-shapcd A tooth which ordinarily shows but a single root 
m.i) have one which is bifurcated (I ig 271, D) Convcr«5cly, a molar tooth 
which normally shows three roots ma) Iiavc them run together as a single ill- 
shaped mass Occasional!) the roots of two adjacent teeth may impinge on 
each other and grow together (Fig 271, E) 

Enamel Pearu Enamel pearls are curious splieroidal masses of enamel, 
which may appear adherent to a tootli or free in the adjacent connective 
tissue One of tlic commonest sues for an enamel pearl is adherent to the neck 
of a tooth (Tig 271, B) In this location it is fonned b) an aberrant vesicle of 
ameloblasts associated witli the enamel orgm which forms the crow’n of the 
tooth involved When enamel pearls appear m the surrounding connective 
tissue It IS believed that they arc derived from a vesicle of ameloblasts formed 
from remnants of the dental ledge, which of course contains cells of amelo- 
blastic potcntialiiies 

Abnormalities in Number or Teeth Not infrequently there ma> be 
supernumerary teeth formed, such as an additional incisor or a fourth molar 
More common than the presence of such extra teeth not characteristic of the 
human dentition are instances m which one or more teeth fail to form Such 
agenesis is most likely to occur m the case of die third molars Instances have 
been reported in which an individual never developed any teeth of either 
deciduous or permanent dentition Really complete anodontia is exceedingly 
rare, even among anomalies When it does appear it is associated with a pro- 
found dysplasia of all the specialized ectodermal derivatives such as hair, 
fingernails, and cutaneous glands 

From time to time reports of a third dentition appear In all probability 
such late-appearmg teeth do not represent a third dentition It vvould seem 
more likely that they are teeth of the permanent dentition — ^perhaps super- 
numerary ones — that have remained for years unerupted and finally put in 
a belated appearance 

ABNORiiALiTiES IN ARRANGEMENT OF Teeth IN THE Jaw Irregularities of 
tooth arrangement are of very common occurrence There is apparently a very 
delicate balance between the size of the jaws and the space necessary to 
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accommodate the permanent dentition, and our composite heredity may 
bring large teeth from one ancestor and small Ja^vs from another During the 
growth period a surprisingly small stimulus — even the slight pressure exerted 
by the familiar orthodontic brace on overcrowded teeth — is effective in 
causing the bone of the jaw to adipt its growth in response to the pressures 
applied The usual malpositions of the teeth are relatively slight and are 
readily remediable by appropriate oithodontic procedures instituted at the 
proper time and continued sufficiently long There are occasional cases m 
which teeth appear as far out of their proper location as the palate, or the 
base of the gum on its labial face 
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Development of the Digestive and 
Respiratory Systems 

DIGESTIVE TUBE 

In considering the structure of young cmbr>os, \vc saw the walling in of 
the primitive gut by splanchnoplturc and its early division into an extra- 
cmbryonic portion, the yolk-sac, and an intra-cmbryonic portion destined to 
form the gastro-inteslmal tract (Fig 70, A, B) We traced also the pnmary 
regional division of the mtra-cmbryonic gut into foregut, midgut, and hmdgut, 
and the establishment of the oral and ana! openings by the breaking through 
of the stomodacal depression ccphalically and the prociodacal depression 
caudally (Figs 57, 70, C, D) At the end of the first month of development, 
local differentiations in the gut tract already foreshadow the development of 
certain organs and give indications of the impending establishment of others 
Starting with these now familiar conditions as a basis, wt shall trace briefly 
the more important steps by which tlic adult structure and relations of the 
various digestive organs arc established Although the oral region is, of course, 
part of the digestive system, us dilTcrcntiation is so closely related to the forma- 
tion of the face that it was expedient to deal with it in that association in the 
preceding chapter Wc may now, therefore, logically turn our attention to 
that part of the gut tract which lies directly behind the oral region 

Pharyngeal Region In embryos entering their second month, the 
cephalic part of the foregut has become differentiated as the phary^nx Greatly 
compressed dorsoventrally, the pharynx has a wide lateral extent with a senes 
of pouchlike diverticula pushing out on either side between the visceral arches 

(Fig 251) This stage of the pharynx IS a recapitulation of conditions which 

had an obvious functional significance m watcr-hvmg ancestral forms, the 
pharyngeal pouches of the mammalian embryo being homologous with the 
inner portion of the gill slits The repetition of race history is here, as so fre- 
quently happens, slurred over Although in the mammalian embryos the 
tissue closing the gill clefts becomes reduced to a thin membrane consisting 
of nothing but a layer of entoderm and ectoderm with no intervening meso- 
derm, this membrane rarely disappears altogether Occasionally the more 
cephalic of the pharyngeal pouches break through to the outside, establishing 
open gill slits, but m such cases the opening is usually short-lived and the 

clefts promptly close again 
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Like many other vestigial structures which appear m the development 
of higher forms, the pharyngeal pouches give rise to organs having a totally 
different functional significance from the ancestral structures the> represent 
It is as if, to speak figuratively, nature was too economical to discard entirely 
structures rendered functionally obsolete by the progress of evolution, but 
rather conserved them, in part at least, and modified them to carry on new 
activities \Vhile the> might logically be discussed here, the processes involved 
m converting local evagmations of the original pharyngeal pouches into endo- 
crine glands such as the parathyroids, can be considered more convenientlv 
when we take up the ductless glands as a group (Chapter 17) 

The mam pharyngeal chamber of the embryo, that is the central portion 
in distinction to its various diverticula, becomes converted directly into the 
pharynx of the adult In this process its lumen is simplified m configuration 
and relativ ely reduced in extent The first pair of pharyngeal pouches, extend- 
ing between the mandibular and hj'oid arches, come into close relation at 
their distal ends with the auditory vesicles (Fig 243) These pouches give rise, 
on either side, to the tympanic cavity and to the Eustachian tube m a manner 
which already has been discussed in connection with the development of the 
ear The second pair of pouches are largely absorbed into the pharyngeal 
wall They take pan in the formation of the tonsillar region and supratonsillar 
fossae (Fig 328) 

The third and fourth pairs of pouches give off outgrowths which take part 
m the formation of a group of ductless glands the parathyroids, thymus, and 
postbranchial bodies After the migration of these pnmordia into the adjacent 
mesenchyme the remains of the original pouches are reduced rapidly m 
extent and give rise only to local depressions m the pharyngeal wall adjacent 
to the phar)'ngopalatme (pharyngo-epiglottic) fold (Fig 328) 

Esophagus Caudal to the level of the visceral pouches the pharynx 
becomes abruptly narrowed m its lateral extent It is just cephalic to this 
point of transition, at the level of the fourth pouches, that the pharyrLX gives 
rise ventrally to the tracheal outgrowth (Figs 56, 70, D) The region where 
the trachea becomes confluent with the gut tract is therefore derived from 
the most posterior part of the embryonic phar'ynx From this point to the 
dilation which marks the beginning of the stomach, the gut remains of rela- 
tively small and uniform diameter and becomes the esophagus The esophagus 
is at first very short (Fig 272), but later in development, as the stomach 
moves caudad in the body from its place of origin, the esophagus becomes 
much longer (Figs 273, 274) 

Stomach The region of the primitive gut which is destined to become the 
stomach is indicated as early as the end of the fourth week b> a slight local 
dilauon (Fig 70, D) By six weeks its shape is strikingly suggestive of that 
of the adult stomach Its position is, houever, quite different In young 
embryos the stomach is mesially placed with its cardiac (esophageal) end 
someuhat more dorsal in position than its pyloric (intestinal) end (Fig 308) 
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It IS shglitiy curved m sluipc, ufi the convcMty facing dorsahy and somewhat 
caudally 

The positional changes by wliidi it reaches its adult relations involve 
three principal phases (1) The stomach is shifted m position so its long axis 
no longer lies in the sagittal plane of the cml)r>o but diagonally across n. 



(2) there is a concomitant rotation of the stomach about its own long axis so 
that its original dorso\'’entral relations are altered, and (3) the stomach during 
Its axial and rotational changes is carried farther caudad in the body The 
first two phases of these changes are schematically indicated m Fig 275 
The shift m axis takes place in such a manner that the cardiac end of the 
stomach comes to he to the left of the mid-Iine and the pylonc end to the 
right Meamvbile rotation has been going on In following the progress of 
rotation the best point of orientation is the Ime of attachment of the dorsal 
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mesenten, which is primarily mid-dorsal, along what is destined to be the 
greater (convex) curvature of the stomach (Figs 308, 309) As the stomach 
continues to grow in size and depart from the sagittal plane of the body, it 
rotates about its own long axis The convex surface to which the dorsal 
mesentery is attached, and which w-as at first directed mid-dorsally , now 
swings to the left Since the long axis itself has in the meantime been acquiring 
an inclination, the greater curv'aturc of the stomach comes to be directed 



Fig 273 Gut tract of a human embryo of 10 mm (From a drawing by 
Brodel in Cullen “Embryology, Anatomy and Diseases of the Umbilicus,” 
courtesy, "SV B Saunders Co ) 


somewhat caudally as well as to the left (Fig 275, C, D) The change in 
position of the stomach necessarily involves changes m that part (dorsal 
mesogastnum) of the primary dorsal mesentery which suspends it in the 
body cavity The dorsal mesogastnum is pulled after the stomach and forms 
a pouch known as the omental bursa (Fig 275), the relations of which we shall 
have occasion to return to m the next chapter where the mesenteries are 
discussed in more detail 

While the stomach is rotating and changing its axial position, it is at the 
same time gradually being carried to a more caudal position m the developing 
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course for the associated visceral branch of the vagus nerve The gastric 
branches of the vagus, having established their relations with the stomach 
when It uas far forward in its primitive position, follow along with it in its 
caudal migration 

Intestines At the end of the first month of development, the intestines 
are represented b> that part of the primitive gut tube which eMcnds from the 
stomach to the cloaca The entire intestinal tract at this stage lies m the 
sagittal plane of the bod^ and follo\\s fairly closely parallel to the curvature 
of the developing neuril tube (Fig 70, D) The first conspicuous departure 
from this condition is due to the rapid elongation of the gut which begins 
during the fifth week This results m the formation of a hairpm-shaped loop 
m the gut which extends vcnirall^ into the bcll^ -stalk (Figs 272, 273) The 




Fig 275 Dia£n"inis illustrating changes in position of the stom- 
rch, and fornntion of the omental bursa Broken line indic'ites 
attachment of mesogastrium along that surface of the stomach which 
IS primarily mid dorsal Arrov\ passes dorsal to stomach into omental 
bursa 

connection of the )olk-stalk with the gut lies at the bend of the loop and 
forms an excellent point of orientation m following the bendings and twistings 
by which the definitive configuration of the intestinal tract is established 
For convenience m description, the part of the gut between the stomach and 
the yolk-stalk is designated as the cephalic limb of the primary gut loop, and 
that part between the yolk-stalk and the cloaca as the caudal limb We know 
from following later stages that ^ihe yolk-stalk is attached to the embrvom e 
^ut uivt cc-phahe to what will be the point of transitio n, (ileocecal valve) from 
small to large intestine Thus the cephalic limb of the gut loop is involved in 
forming the 18 to 20 feet of small intestine comprised by the duodenum 
the jejunum, and the upper part of the ileum, and the caudal hmb goes to 
form the terminal two to three feet of the ileum and all of the large intestine 
In the cephalic limb of the primary gut loop the position of the hepatic and 
pancreatic diverticula from the first indicates that part of the gut which is to 
become the duodenum Before the >oIk-i.taIk disappears, a small local dilation 
m the caudal limb of the pnmary gut loop indicates where the cecum is 
starting to form and so gives us a new landmark indicating the exact site of 
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transitjon from small to large intestine (Fig 273) Parado\ica)l>, the part of 
the gut which IS to be the large intestine is at first of less diameter than the 
part whicli is to be small intestine It is not until about the fifth month that 
the large intestine acquires its characteristically greater diameter 

The positional changes which bring about adult relationships are initiated 
by the throwing of a twist m the primary XJ-shaped bend of the gut which 
f<tcnds into the bclly«st ilk Viewing tlic gut tract m ventral aspect, the twist 
IS counterclockwise (Fig 309, B, C) The immediate result of this twist is to 
bring a considerable proportion of the originil cephalic limb of the gut loop 
into a position m the belly below die segment of the caudal limb which was 
twisted across it This initial twist is the primary factor m establishing the 
fundamental positional relations of the large and small intestines We can 
recognize immediately in the crossing segment of the caudal limb of the gut 
loop what we know in the adult ns the transverse colon ^Vc can see, also, 
just how It comes about that the adult jejunum and ileum he m the abdomen 
below the level of the transverse colon (Figs 274, 309) 

The coding which is so characteristic of the small intestine begins to be 
evident immediately after the primary' twist m the gut loop has occurred 
That portion of the ccplnhc limb of the primary loop which emerges below 
the transverse colon is, as we have seen, destined to become jejunum and 
ileum This part of the intestine now begins to increase c\cccdingl> rapidly in 
length and consequently becomes freely coded on itself The coding begins 
while the twisted primary gut loop still projects out into the extra-embryonic 
coelom of the belly -stalk, giving the embryo at this age the appearance of 
having an umbilical hernia (Figs 274, A, 364) By about the tenth week of 
development the abdomen lias enlarged sufficiently to accommodate the 
entire intestinal tract, and the protruding part of the mtcsimal loop is pulled 
back through the umbilical ring mto its definitive position within the peri- 
toneal cavity (Fig 274, B) In this retraction the coils of small intestine tend 
to slip into the abdominal cavity ahead of the protruding part of the colon 
In so doing they crowd to the left the lower part of the colon which has 
remained from the first m the abdominal cavity This establishes the descend- 
ing colon m Its characteristic position close against the body-wall on the left 
(Figs 309,313) When the upper part of the colon which projected mto the 
belly-stalk is finally drawn into the peritoneal cavity, its cecal end swings to 
the right and downward This means that intestinal contents entering the 
colon from the small intestine must pass upward in going toward the trans- 
verse colon For this reason this segment of the large intestine is known as the 
ascending colon (Figs 309, 313) 

Cecum and Appendix The originally inconspicuous cecal dilation, which 
by the sixth week indie ates the point of junction of small and large intestines, 
is destined to undergo marked local specialization By two months changes in 
the position of the gut tract make the small intestine enter the large almost at 
right angles instead of m alignment as was the case at first At this angular 
junction the colon develops a diverticulum which is known as the cecum 
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(Fig 276, A, B) For a time the cecum as a whole continues to enlarge B\ 
the third month, however, its distal end begins to lag behind the rest of the 
cecum in its growth so it appears as an extension which is definitely smaller 
m diameter This slender extremity of the cecal diverticulum is the vermiform 
appendix (Fig 276, C-E) As is so frequently the case with phylogeneticalK 
decadent structures, it is highly variable m form and likely to be the site of 
pathologic involvement 

Rectum and Anus The attainment of definitive conditions at the cloacal 
end of the digestive tract is so intimately associated with the development of 
the urogenital openings that changes m this region as a whole can be taken 
up more profitably later, in connection with the reproductive organs 

Histogenesis of the Walls of the Digestive Tube The primary ento- 
dermal lay er of the embry onic gut tract gives rise only to the epithelial lining 



Fio 276 Semischemitic sketches showing development of cecum and 
appendix (Adapted from a number of sources) A, Seventh vseek B, Ninth 
week C, Fourth month D, Term fetus E, Adult 


and to the glands of the fully formed digestive tube Its connective tissue and 
muscle coats arc derived from mescnchy mal cells w hich become aggregated 
about the original entodermal tube Although each region has its own special- 
izations, the digestive tube as a whole shows four characteristic lavers From 
the lumen outward these are (1) Tlie mucosa, (2) the submucosa, (3) the 
tunica muscularis, and (4) the adv cntitia or serosa 

:Mucos V The mucosa consists of the epithelial lining, the glands dev eloped 
from the epithelium, and a delicate supporting layer of connective tissue 
known as the tunica propria mucosae The deepest part of the mucosa is 
usually a thin layer of smooth muscle called the rausculans mucosae, although 
this layer is not present in all locations 

SuBMucosA The submucosa is a layer of connectiv e tissue which holds the 
mucosa to the mam muscle layer of the gut wall It is richly vascular and 
sufficiently loosely woven to permit free changes of shape as the contents of 
the tube vary in amount, and as the tube itself constricts or shortens with the 
contraction of Us circular or longitudinal muscle layers In certain locations 
the submucosa may contain lymiph follicles or the deeper parts of glands 
which have grown down into it from the mucosa 

Tunica Muscularis The tunica muscularis is a robust muscle coat con- 
sisting of an inner layer of muscle elements which are circularly disposed and 
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transition from small to large intestine (Fig 273) Paradoxically, the part of 
the gut which is to be the large intestine « at first of less diameter than the 
part which is to be small intestine It is not until about the fifth month that 
the large intestine acquires iLs characteristically greater diameter 

The positional changes which bring about adult relationships are initiated 
b> the throwing of a twist in the primary U-shaped bend of the gut which 
extends into the btlly-stalk Viewing the gut tract in ventral aspect, the twist 
IS counterclockwise (Fjg 309, B, C) The immediate result of this twist is to 
bring a considerable proportion of the original cephalic limb of the gut loop 
into a position in the belly below the segment of the caudal limb which was 
twisted across it This initial twist is the primary' factor m establishing the 
fundamental positional lelations of the large and small intestines We can 
recognise immediately m the crossing segment of the caudal limb of the gut 
loop what we know m the adult as the transverse colon We can see, also, 
just how It comes about that the adult jejunum and ileum lie in the abdomen 
below the level of the transverse colon (Figs 274, 309) 

Tile coiling which is so charactcnstic of the small intestine begins to be 
evident immediate!) after the primary twist in the gut loop has occurred 
That portion of the cephalic limb of the primarj loop which emerges below 
the transverse colon is, as we have seen, destined to become jejunum and 
ileum This part of the intestine now begins to increase cxcccdingl) rapidl) m 
length and consequently becomes frccl> coiled on itself The coiling begins 
while the twisted primary gut loop still projects out into the cxtra-cmbryonic 
coelom of the btlly-stalk, giving the embryo at this age the appearance of 
having an umbilical hernia (Figs 274, A, 364) By about the tenth week of 
development the abdomen has enlarged sufficiently to accommodate the 
entire intestinal tract, and the protruding part of the intestinal loop is pulled 
back through the umbilical ring into its definitive position within the peri- 
toneal cavity (Fig 274, B) In this retraction the coils of small intestine tend 
to slip into the abdominal cavity ahead of the protruding part of the colon 
In so doing they crowd to the left the lower part of the colon which has 
remained from the first in the abdominal cavity This establishes the descend- 
ing colon m us characteristic position close against the body-wall on the left 
(Figs 309, 313) When the upper part of the colon which projected into the 
belly -stalk is finally drawn into the peritoneal cavity, its cecal end swings to 
the right and downward This means that intestinal contents entering the 
colon from the small intestine must pass upward m going toward the trans- 
\ erse colon For this reason this segment of the large intestine is known as the 
ascending colon (Figs 309,313) 

Cecum and Appendix The originally inconspicuous cecal dilation, which 
by the sixth week indicates the point of junction of small and large intestines, 

IS destined to undergo marked local specialization By two months changes m 
the position of the gut tract make the small mtestine enter the large almost at 
right angles instead of m alignment as was the case at first At this angular 
junction the colon develops a diverticulum which is known as the cecum 
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an outer layer arranged longitudinally In the pharyTix and the upper part of 
the esophagus this muscle is voluntary (striated) In the remainder of the 
tube It IS involuntary (smooth) 

Adventitia , Serosa Outside the tunica muscularis is a lay er of connectn e 
tissue in which the \essels and nerves supplying the gut wall branch freeh 
on their way to their local destinations In the case of any part of the gut 
which does not he free m the body cavity but is embedded in the surrounding 
body structures, this outer coat is called the adventitia The connective tissue 
of the adv entitia blends w ithout definite line of demarcation into the adjacent 
connective tissue of the body Thus, for example, the outermost coat of the 
wall of the esophagus which is embedded m the mediastinum would be 
designated as its adventitia In the case of a part of the gut tract which lies 
within the body cavity, the corresponding connective-tissue layer will be 
supplemented by an epithelial layer derived from the mesoderm which lines 
the coelomic cavities (Fig 299) This mesothchal layer provides a smooth, 
moist surface which permits the viscera within the body cavity to change 
shape and position with a minimum amount of fnction Thus the outermost 
coat of an organ sudi as the stomach would be connective tissue, correspond- 
ing to an adventitia, plus a mesothchal covering Such a layer is designated 
as a serosa 


The four fundamental layers, which arc common to the digestive tube 
as a whole, begin to be recognizable relatively early m development As 
soon as the zone of mesenchyTnc which is destined to form the tunica muscu- 
laris becomes visibly differentiated from the mesenchyme which forms the 
adjacent connective-tissue layers, the topography of the gut wall can be 
interpreted readily m terms of the adult tunics which are taking shape (Figs 
278, 279) The histological differences m the mucosal layer which are such im- 
portant distinguishing characteristics of the various adult regions of the 
digestive tube do not become apparent until somewhat later Such speciahi’a- 
tions as the thick stratified sejuamous epithelium of the esophagus, the pits 
m the gastric mucosa into which the glands empty, or the villi projecting 
from the mucosa of the small intestine are not clearly recognizable until 
relatively late m development (Figs 278, 279) 


There arc m-in> curious mdirecuons mvoKed in these histogenetic 
changes For example, the epithelium of the esophagus uhich is first present 
in the simple columnar form characteristic of the entire >oung entodermal 
Itnmg of the gut tract {F.g 280, A-C), goes through a transient stage of 
cihation (Fig 280, E) before it begins to acquire its final stratified squamous 
condition (F,g 280, H) Similar!,, the mucosa of the large mtestme forms 
nil. like those of the small intestine onl, to haie them resorbed again m 
attaining its charactcrtstic none dialed adult condition (Fig 281 ) 

Meconium In the first third of mtra-uterine life the intestines are deio.d 
of solid contents Beginning sv.th the fourth month an increasing amount ol 
material accumulates m their lumen This matenal, called oKconmm, ts 
heterogeneous m ongm, consisting of a mixture of cast-off epithelial cells. 




Fig “ 2.11 Semischematic diagrams graphically summarizing some of the 
main steps in the pre- and postnatal development of the digestive system To 
facilitate comparisons, body length has been held constant and the viscera 
drawn to proper proportions within the body outlines (Ten stages selected 
from the Scammon-Lewis senes m Moms “Human Anatomy ”) 


DIGESTIVE TUBE 




Fio 279 Three stages m histogenesis of small intestine Projection draw- 
ings, X 100, from University of Michigan senes A, From an embryo of the sixth 
week (10 mm ) B, From an embryo of the eighth week (25 mm ) C, From an 
embryo of 19 weeks (174 mm ) 
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Fio 278 Histogenesis of layers in wall of stomach Projection draivings 
(X 100) from University of Michigan senes of human embryos A, At 10 mm 
B At 25 mm C, At 65 mm D, At 104 mm E, At six months 
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,5 Uowa as a ste„om When the narrotv.ng goes to tfe point of complete 
obtoeratton of the lumen, the condition is called alresia These terms alone do 
Tot ™pH anything as to the causation of the condition the> character^e 
Either a stenLs or an atresia maj be dctcloped postnatalh as a sequel to 
tissue injury For example, a child uho has swallowed a caustic poison, such 
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Fig 281 Stages in histogenesis of large intestine Projection drawings, 
X 100, from human embryos in UnivcrsiU of Michigan Collection A, At 
25 mm (eighth ueek) B, At 47 mm (tenth week.) C, At 65 mm (eleventh 
week) D, At 104 mm (fourteenth week) E, At term 


as l^e, ma^ develop a stenosis (stricture) or even a complete atresia of the 
esophagus as a result of the contracture of the scar tissue Stenosis or atresia 
of the uterine tubes mi) be a sequel to gonorrheal salpingitis Such cases, 
however, belong to the realm of pdthologv and what is of interest to us in the 
present connection is a stenosis or an itrcsia that appears congemtallv as a 
result of abnormal embrv ological development 

There is i peculiar grow th phase m the earl> dev elopment of the intestines 
which man> believe ma> be involved jn the occurrence of congenital intestinal 




greenish color of the meconiuni, due to the long time it has been retained in 
the intestines subject to the action of bile, makes it readily distinguishable 
from the characteristic yellow color of the stools which begin following 
feeding By the fourth day after birth all traces of meconial coloration should 
have disappeared from the intestinal contents, a fact which is sometimes of 
medicolegal value in establishing the time which has elapsed since birth 

Abnormalities of Digestive Tube Any abnormal narrowing of a tubular 
structure (such as a blood vessel or a duct or a part of the digestive tract) 
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GLANDS OF THE DIGESTIVE TRACT 

superior mesenteric (omphalomesenttnc) artery formerly followed along the 
yolk-slalk to break up in the vitelline plexus in the walls of the > olk-sac (rig 
398) Chnicallv a Meckel’s diverticulum ma\ behave as a second appendix 
Since It occurs m somewhere around 2 per cent of all individuals it must be 
considered among the possibilities in weighing the significance of at>'pical 
symptoms suggestive of appendicitis It is a curious fact that a Meckel s 



Tk 283 Three cases of Meckel’s diverticulum (Redraw n from Cullen “Em- 
br^alog>. Anatomy and Diseases of the Umbilicus,” courtesy, W B Saunders 
Co) A, Diverticulum with open connection at umbilicus B, Diverticulum 
connected to umbilicus by fibrous cord C, Detailed drawing ot a Meckel’s 
diverticulum ending as a blind pocket 

diverticulum is quite likely to have patches in its mucosal lining with typical 
gastric-waU structure Such areas, when, present, may be the site of peptic 
ulcers 

GLANDS OF THE DIGESTIVE TRACT 
In addition to the numberless small glands which are located in the walls 
of the digestive tract, there is a group of larger glands situated anatomically 
outside the walls of the tract but dischaiging mto it by way of long ducts 
These extrmsically located glands are the major salivary glands, the pancreas, 
and the liver 

Salivary Glands Except for the rostromcdial portion of the hard palate 
and the gums, the entire oropharvngeal region of the adult is beset with small 
glands m Us mucous lining Broadly speaking, these small glands are similar 
m origin and functional significance to the larger glands of this region and 
may be given ihe group designation minor salivary glands The major 
salivary glands are, of course, the parotids, submaxillaries. and sublmguals 
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afrejio Toward the end of the second month, there is a tendency for the 
epithelial lining to begin to grow esuberanti) before the size of the primitive 
gut tube has increased suiriciently to accommodate it Tins is particularly 
likely to be marked in the esophagus and in the upper part of the small 
intestine, where, regularly at this age, the lumen will be found occluded by 
masses of epithelial cells (Hg 282, A, H) A similar condition occurs, also, in 
tin rectum (Fig 282, G) In the normal course of ctents enlargement of the 
lumen of the gut follows closely after this stage, and the epithelial cells spread 
out and begin the orderly rearrangements by svliich the characteristic mucosal 


Me'entery. 


M«solhclii 





Fio 282 “Epuhc!ial plug stage” in development of 
intestines Projection drawings, X 100, from sections of a 
human embryo of 17 mm A, Small intestine, cut longi- 
tudinally B, Small intestine, cut transversely C, Rectum, 
cut transversely 


structure is attained It is possible that failure to progress sufficiently promptly 
beyond this stage of transitory closure may be causally involved in the 
instances of congenital atresia of the intestines that occasionally present them- 
selves as acute surgical cases 

One of the commonest of the anomalies of the intestines is known as 
Meekers diierticulum This is a sacculation of the ileum which occurs about 
two to three feet above the ileocecal valve and represents a partial persis- 
tence of the yolk-stalk It may be a blind pouch (Fig 283, C), or it may 
hav e retained an opening at the umbilicus In the latter case it is said to be 
combined with an umbilical fecal fistula (Fig 283, A) The relations of one 
of the small terminal branches of the superior mesenteric artery to Meckel’s 
diverticulum is highly characteristic and clearly suggests the way the mam 
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superior mesemenc (omphalomesenteric) artery formerly followed along the 
yolk-stalh to break up in the vitelline plexm in the walls of the yolk-sac (Fig 
398) Clinically a Meckel’s diverticulum may behave as a second appendix 
Since It occurs in somewhere around 2 per cent of all individuals it must be 
considered among the possibilities in weighing the sigmficanci of atypical 
symptoms suggestive of appendicitis It is a curious fact that a Meckel s 



Fig 283 ThrcecasesofNfeckcrsdiverticulum {Redrawn from Cullen “Em- 
br-^ology, Anatomy and Diseases of the Umbvhcus," courtesy, \V B Saunders 
Co ) A, Diverticulum with open connection at umbilicus B, Diverticulum 
connected to umbilicus by fibrous cord C, Detailed drawing oi a MeeJeers 
diverticulum ending as a blind pocket 

diverticulum is quite likely to have patches m its mucosal lining with typical 
gastnc-vvall structure Such areas, when present, may be the site of peptic 
ulcers 

GLANDS OF THE DIGESTIVE TRACT 
In addition to the numberless small glands which are located in the walls 
of the digestive tract, there is a group of larger glands situated anatomically 
outside the walls of the tract but discharging into it by way of long ducts 
These extrmsically located glands are the major salivary glands, the pancreas, 
and the hver 

Salivary Glands Except for the rostromcdial portion of the hard palate 
and the gums, the entire oropharyngeal region of the adult is beset with small 
glands m its mucous lining Broadly speaking, these small glands are similar 
in origin and functional significance to the larger glands of this region and 
may be given the group designauon minor salivary glands The major 
salivary glands are, of course, the parotids, submaxillanes, and sublmguaU 
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alresia Toward the end of the second month, there is a tendency for the 
epithelial lining to begin to grow exuberantly before the size of the primitive 
gut tube has increased sufficiently to accommodate it This is partieularly 
likely to be marked in the esophagus and m the upper part of the small 
intestine, where, regularly at this age, the lumen will be found occluded by 
masses of epithelial cells (Fig 282, A, B) A similar condition occurs, also, in 
the rectum (Fig 282, C) In the normal course of events enlargement of the 
lumen of the gut follosvs closely after this stage, and the epithelial cells spread 
out and begin the orderly rearrangements by svhich the characteristic mucosal 



Fio 282 “Epithelial plug stage” m development of 
intestines Projection drawings, X 100, from sections of a 
human cmbr>o of 17 mm A, Small intestine, cut longi- 
tudinally B, Small intestine, cut transversely G, Rectum, 
cut transversely 


structure is attained It is possible that failure to progress sufficiently promptly 
beyond this stage of transitory closure ma) be causally involved in the 
instances of congenital atresia of the intestines that occasionally present them- 
selves as acute surgical cases 

One of the commonest of the anomalies of the intestines is known as 
MeckeVs diverticulum This is a sacculation of the ileum which occurs about 
two to three feet above the ileocecal valve and represents a partial persis- 
tence of the yolk-stalk It may be a blind pouch (Fig 283, C), or it may 
have retained an opening at the umbilicus In the latter case it is said to be 
combined with an umbilical fecal fistula (Fig 283, A) The relations of one 
of the small terminal branches of the superior mesenteric artery to Meckel’s 
diverticulum is highly characteristic and clearly suggests the way the mam 
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mto the underlying mesenchyme (Fig 284, B) It grows rapidly in length and 
turns back toward the ear When it has reached the territory near the ramus 
of the mandible, the mam duct begins to branch freely into the primordial 
cell cords which will form the branch ducts and their terminal alveoli (Fig 
285) 

SUBMAXILLARY Gi ANDS The submaxillarv glands ordinarily begin to show 
late in the sixth week as paired primordial cellular cords Each cord, repre- 
senting the mam duct of the gland on that side, arises near the mid-line under 
the tongue (Figs 285, 286, A) The duct grows back along the floor of the 
mouth and near the angle of the mandible turns ventrally (Fig 285) It then 



Fto 285 Schematic diagram show mg developing salivary glands m a hurmn 
cmbr>o of the elcsenth week Using a sagittal senes of a 60-mm embryo (Uni- 
versity of Michigan Coll , EH 23), the location of the glands and their ducts 
have been plotted withm an outline of the head Certain landmarks in sagittal 
phne have been suggested by stippling Vertical lines indicate locations of 
frontal sections from another embryo of about same age shown in I ig 286 


grows toward the surface pushing outside the border of the mylohyoid 
muscle before it begins to branch freely (Fig 286, G, D) 

SaBLiNGUAL Glands The sublingual glands arise slightly later than the 
submaxiUanes Their pnmordia are usually recognizable by the end of the 
sev enth week The sublingual glands are really a secondary grouping together 
of a row of small glands which arise independently Tht ir secreting portions 
merge more or less within a common connective-tissue investment, but they 
retain their original ducts, each gland opening by a row of some 10 to 12 
ducts emptying onto the floor of the mouth on either side of the roots of the 
tongue (Fig 285) 

In the formation of an\ of tlie larger racemose glands, such as the salivary 
glands, the histogenetic processes are the same except for minoi details 
The primordial cell mass destined to give rise to the cpithi hal (parenchyma- 
tous) part of the gland is formed by rapid proliferation of the cells in the deep 
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All of thc'c glands arise m fundamcntall) tlic same manner, b) die ingrowth 
of oral cptdiclium into llic imdtrlying mesenchyme The major sahvar> 
glands are gcncrall> regarded as being derived from stomodaeal ectoderm, 
aUhough die site of origin of the parotid is close to the 7onc where, when the 
oral plate ruptures, ectoderm and entoderm become continuous widiout any 
line of demarcation Minor glands arise both on the ectodermal side and the 
cntodcrmal side of tins \ ague transition /one The more roslrall) located small 
glands such as those m the lips arise nnquestionabl) from stomodaeal eeto- 
tlcim Many of the small glands, situated far back in the oropharynx, such 



Fio 284 Primordia of snhvsr) glands m a human enibr>o of eighth week 
(University of Michigan Coll, EH 164, C-R, 25 mm) A, Section (X 20) 
through pnmordia of one pair of the sublingual components B, Section {X 20) 
through entrance of parotid duct into buccal cavity 

as those around the base of the tongue and m the region of the tonsillar fossae, 
must be regarded as arising from pharyngeal entoderm Interestingly enough, 
there are no histological differences in the adult glands of these different regions 
which give any suggestion of a difference m their origin Tlus is just another 
one among many facts suggesting the necessity of caution in regard to forming 
any too fixed ideas as to rigid limitations of the developmental potentialities 
of the primary germ layers 

Parotid Glands The first of the sabvary group to make their appearance 
are the parotid glands Around the middle of the sixth week the start of an 
epithelial ingrowth can be made out on the inner surface' of either cheek 
This ingrowth is clearly recognizable in embryos of the eighth week extendmg 
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glands of the digestive tract 

layer of tKc epithelmm The resulUng cellular mass pushes into the under- 
lying mesenchyme first as a solid epithelial cord When the distal end of this 
primary cord has pushed out to the location where the secretory part of the 
gland is destined to be formed, it branches repeatedly The terminal end of 
each branch carries a knobhke enlargement of somewhat radially arranged 
cells (hig 236, D) Hollowing out of this system of epithelial cords by cell 
rearrangement establishes the branching duct system of the gland At the 
same time the terminal cell clusters become organized into the secreting 
units (acini) The connective-tissue framework (stroma) which supports the 
parenchyma of the gland is derived from the surrounding mesenchyme As 
the small branch ducts and secretory acmi develop from each of the mam 
stems they form natural subgroupings of the growing glandular tissue As 
the mesenchyme between such adjacent areas becomes developed into con- 
nective tissue, It tends to form septa which divide the gland into lobules 
Meanwhile mesenchyme is concentrated about the expanding mass of the 
gland as a whole As this peripheral zone of densely paeV ed mesenchymal 
cells becomes specialized to form connective tissue, it forms a fibrous invest- 
ment of the gland known as its capsule 

Such IS the general outline of the events by which any of the racemose 
glands acquire their architecture The specific characteristics of a particular 
gland dep« nd on the cy tological and phy siological character of its secreting cells 
For example, some of the acmi of the salivary glands produce mucus which 
has merely a lubricating function while other acmi produce a digestive en- 
zyme, ptyalm, which is concerned m the conversion of starches to sugars 
Recognition of such differences m the internal chemistry of cells depends on 
special cy tological and mierochcmical technics, discussion of which would 
carry us out of our present field and into that of the histologist 

Pancreas The pancreas is formed from two primordia which arise inde- 
pendently and later fuse with each other These pnmordia are known as the 
dorsal and the ventral pancreatic buds, or, more briefly, as the dorsal and 
ventral pancreas The dorsal pancreas arises, as its name implies, from the 
dorsal wall of the duodenum It is located almost directly opposite the hepatic 
div erticulum w hich arises v entrally from the same part of the gut at about the 
same time fFig 70, D) In its growth the dorsal pancreas pushes between thi 
two layers of splanchnic mesoderm which constitute the dorsal mesentery 
(Fig 299 FI ^ 

The ventral pancreatic bud is an entodermal outgrowth which arises a 
little to the right of the mid-lme and grows caudad, in the angle between the 
duodenum and the hepatic diverticulum (Fig 287, A) As the hepatic 
diverticulum elongates it carries the ventral pancreatic bud with it so that the 
ventral pancreas soon appears to be a bud from the common bile duct (Fig 
287, B) In a certain number of casts Uvo ventral pancreatic pnmordia ap- 
pear, and it seems probable that the usual unilattral evagination seen m 
mammalian embrjos represents what was originally a pair of ventrolateral 
diverticula In the course of evolution one member of the pair appears to 
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Fio 286 Developing salivary glands as seen in frontal sections of oro nasal 
region of a human embryo of about ten weeks (University of Michigan Coll , 
EH 198, C R, 55 mm ) Locations of sections are indicated by the correspond- 
ingly lettered lines in Fig 285 

Abbuctalions Hy , hyoid cartilage, MC, Meckel’s cartilage, MhM, 
Myelohvoid muscle, O S-M T > , orifice of submaxillary duct at sublingual car- 
uncle (papilla). Par D , parotid duct. Plat M , platysma muscle, PSP, epithe 
lial remnant along line of fusion of palatal shelves, S-L Prim , epithelial bud 
constituting one of the senes of pnmordia of the sublingual gland, S-M D , 
submaxillary duct 



GLANDS or THE DIGESTIVE TRACT 


479 


layer of the epithelium The resulting cellular mass pushes into the under- 
lying mesenchyme first as a solid epithelial cord When the distal end of this 
primary cord has pushed out to the location where the secretory part of the 
gland is destined to be formed, it branches repeatedly The terminal end of 
each branch carries a knoblike enlargement of somewhat radially arranged 
cells (Fig 286, D) Hollowing out of this system of epithelial cords by cell 
rearrangement establishes the branching duct system of the gland At the 
same time the terminal cell clusters become organized into the secreting 
units (acini) The connective-tissue framework (stroma) which supports the 
parenchyma of the gland is derived from the surrounding mesenchyme As 
the small branch ducts and secretory acini develop from each of the mam 
stems they form natural subgroupings of the growing glandular tissue As 
the mesenchyme between such adjacent areas becomes developed into con- 
nective tissue, It tends to form septa which divide the gland into lobules 
Meanwhile mesenchyme is concentrated about the expanding mass of the 
gland as a whoh As this peripheral zone of densely packed mesenchymal 
cells becomes specialized to form connective tissue, it forms a fibrous invest- 
ment of the gland known as us capsule 

Such IS the general outline of the events by which any of the racemose 
glands acquire their architecture The specific characteristics of a particular 
gland depend on the cy tological and phy siological character of its secreting cells 
For example, some of the acini of the salivary glands produce mucus which 
has merely a lubricating function, while other acini produce a digestiv e en- 
zyme, ptyalin, which is concerned in the conversion of starches to sugars 
Recognition of such difierences in the internal chemistry of cells depends on 
speiial cy tological and microchcmical technics, discussion of which would 
carry us out of our present field and into that of the histologist 

Pancreas The pancreas is formed from two pnmordia which arise inde- 
pendently and later fuse with each other These pnmordia are known as the 
dorsal and the ventral pancreatic buds, or, more briefly, as the dorsal and 
ventral pancreas The dorsal pancreas arises, as its name implies, from the 
doi sal wall of the duodenum It is located almost directly opposite the hepatic 
diverticulum which arises vcntrally from the same part of the gut at about the 
same time (Fig 70, D) In its growth the dorsal pancreas pushes between the 
two layers of splanchnic mesoderm which constitute the dorsal mesenterv 
(Fig 299, E) ' 


The venu-al pancreatic bud is an cntodcrmal outgrowth which arises a 
little to the right of the mid-line and grows caudad, m the angle between the 
duodenum and the hepatic diverticulum (Fig 287, A) As the hepatic 
diverticulum elongates it carries the ventral pancreatic bud with it so that the 
ventral pancreas soon appears to be a bud from the common bile duct (Fig 
287, B) In a certain number of cases two ventral pancmatic pnmordia ap- 
pear, and It seems probable that the usual unilateral cv agination seen 'm 
mammalian embryos represents what was originally a pair of ventrolateral 
diverticula In the course of evolution one member of the pair appears to 
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Fk 287 Development of hepatic and pancreatic primordia A, Semi- 
schematic diagram based, m part, on Thyng’s reconstructions of a 5 5-mm 
pig embryo Stage of development is comparable to that m a human embryo 
early m fifth week B, Reconstruction from a 9 4-mm pig embryo Stage of 
development is equivalent to that of a human embryo early in SLxth week C, 
Schematized from Thyng’s reconstruction of a 20-mm pig embryo — developi- 
mentally equivalent to a human embryo of seven weeks f). Schematic sket^ 
showing dropping out of proximal part of dorsal pancreatic duct after its anasto- 
mosis with ventral duct E, Manner in which common bile duct and pancreatic 
duct become confluent m ampulla of Vater and discharge through duodenal 
papilla 
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ha\e been suppressed, or possibl) to have moved across the mid-hnc to 
become merged with its fellow 

As the gut rotates and the cornmori bile duct is bent to the right, the 
ventral pancreatic bud begin'? to grow around the right side of the duodenum 
(Fig 287, B) In its growth it pushes underneath the mesodermal covering 
of the duodenum and extends into the dorsal mescnter> This brings it m 
]Uxtaposiuon with the dorsal pancreatic bud, with which it soon merges 
(Fig 287, C) The adult pancreas is chieflv derived from the dorsal pancreatic 
bud which gives rise to all the gland but the head Most of the head arises 
from the ventral bud In the coalescence of thf primordial glandular tissue 
from these two independent sources the growing duct systems tend to fuse 
(Fig 287, D, E) The manner in which this takes place differs m different 
forms and is recorded m the arrangement of the adult pancreatic duct s>stem 
In the horse and dog, for example, thirc are uvo ducts, a dorsal one (duct 
of Santorini) which opens directly into the duodenum, and a ventral one 
(duct of Wirsung) which opens into the duodenum bv wa> of the common bile 
duct These two ducts represent the two original pancreatic buds which 
appear m mammalian embrvos gcnerallv In other forms the two original 
ducts become confluent within the pancreas and the terminal portion of one 
duct onl) IS retained Thus m man the ventral duct persists, communicating 
with the duodenum b> w a> of the common bile duct, w hile the proximal por- 
tion of the dorsal duct usualh atrophies The distal part of the original dorsal 
duct persists and drams the tail of the pancreas b> wa> of its anastomosis 
with the ventral duct (Fig 287, D E) In the pig and the ox the ventral 
duct ordinarily disappears and the dorsal one persists as the definitive pan- 
creatic duct 

The development of the glandular tissue of the pancreas involves the same 
sort of budding and branching of primordial epithelial cell cords as that al- 
r< ady described in connection with the development of the sahvarv glands 
Most of the enlarged terminal and lateral buds of the cell cords gradually 
take on the characteristic configuration of pancreatic acim while the cords 
themselves become hollowed out and form the ducts draining the acini 
(Fig 288) 

The pancreas is peculiar in having scattered through its substance some- 
where in the neighborhood of a million small clusters of setretorv cells not 
discharging into the duct system but producing a hormone which passes 
directly into the blood stream These endocrine areas are the pancreatic islets 
(of Langerhans) The hormone (insulin) which they secrete is concerned in 
sugar metabolism The islands of Langerhans are of particular interest 
medically because disturbance of their endocrine function causes diabetes, a 
disease involving the breakdown of normal sugar metabolism with the 
resultant appearance of sugar in the unne The islets arise as specialized buds 
from the same epithelial cords which give rise to the tvpical secretory acini 
of the pancreas (Fig 288, E) The buds which are destined to form islets, 
however, tend to separate at an early stage from the parent tissue, and 
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Fio 288 Stages in histogenesis of human pancreas Projection drauangs 
(X 150) from University of Michigan senes A, Sixth wek (EH 56, 10 mm ) 
B Seventh week (LH 138, 17 mm ) C, Eighth week (EH 164, 25 mm ) D, 11 
weeks (EH 173, 1, 65 mm ) E, 19 weeks (EH 143, H, 174 mm ) 
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undergo independent differentiation into a peculiar, tangled knot of cellular 
cords with dilated capillaries in the interstices Occasional islets retain their 
original connection ivith the duel s>slem m the form of a slender strand of 
cells, but such connections, when they do persist, are merely vestigial and 
show no lumen 

lav er The primordial outgrowth of cells destined to form the secretorv 
tubules of the luer, together with their duct system and the gall-bladder, is 
known as the hepatic diverticulum It arises vtntralK from the cntodermal 
lining of the gut during the fourth week \\ hen it first becomes recognizable 
It IS little more than a thickened area of rapidly proliferating entodt rmal cells 
located on the lip of the anterior intestinal portal just caudal to the heart 
(Fig 70, C) As closure of the foregut proceeds the hepatic pnmordmm is 
incorporate d into the floor of that part of the dev eloping intestinal tract w hich 
becomes the duodenum (Fig 70, D) This original diverticulum m embryos 
of 5 to 0 mm , has become clearlv differentiated into several parts (Fig 287, 
B) A maze of bremchmg and anastomosing cell cords grows out from u 
vcntrall) and cephahcally (Figs 56, 287, A) The distal portions of these 
cords give rise to the secretorv tubules of the Uver, and their prosimal portions 
form the hepatic ducts As the young hepatic tubules grow, they push out 
between the two layers of splanchnic mtsoderm which constitute the ventral 
mesentery at this level of the gut (Fig 299, E) Their continued growth 
spreads the two mesodermal layers apart so they are reflected o\ er the surface 
of the grow mg glandular mass of the liver These im csiing mesodermal layers 
give rise to the fibrous connective-tissue capsule of the liver with Us meso- 
thchal covering, and to all the interstitial connects e tissue of the h\ cr lobules, 
ds well as to the connective tissue and smooth muscle layers of its system of 
ducts 

Originating where the hepatic ducts become confluent is a local dilation 
of the original outgrowth winch is the primordium of the gall-bladder The 
early changes in the region of the gall-bladder and biliary ducts are showm in 
Figs 287, C, D The gall-bladder elongates very rapidly and its terminal 
portion becomes distinctly saccular The narrow proximal portion of this 
hmb of the diserticulum becomes the cystic duct Numerous hepatic ducts 
open into the cystic duct Toward the duodenum from the entrance of the 
hepatic ducts the original diverticulum is called the common bile duct 
(ductus choledochus) 


The branching and anastomosing tubules which are distal continuations 
of the hepatic ducts constitute the actively secreting portion of the liver 

(Fig 289) The hepatic tubules arc not packed as closely together m a frame- 
work of dense connective tissue as is usually the case m massive glands On 
the contrary, surprisingly little connective tissue is formed between them 
and the intertubular spaces become pervaded by a maze of dilated and irregu- 
lar capillanes kno^n as sinusoids This tremendousl, extmsne meshNsork 
of small blood vessels among the cords of User cells ts a condition uh.ch nc 
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shall find of great importance m Uit development of tlic circulatory' svstem 
in this legion 

The pattern of the hrancliing of the growing licpalic tubules is quite 
chanctciistic and tstablislics the basic a«.lmccliiral plan of the adult liver 
riom cacli of the pninaiy tell colds a senes of branches grow out at right 
angles (Tig 290) I ach of tlitst Iwanches in turn sprouts a system of radiating 
smaller biantlus (I ig 290) J litst radiating small branches become the 
lubultsof isKKtoij lobult of (Ik livtr.andlht I'cial cord of cells from which 
thev most s( rvts is a hranth of ilit lit pain duct system which drains such a 
lobult mio ont of tlu mam ducts k^iding towartl ilit gall-bladder 



Tig 289 Relations of hcpitic ducts, luhulcs, ind sinusoids in liver of i 
huimn embryo of six uttks (University of Michiqm Coll , CH 262, 115 mm 
C-R) 


The baste pattern of the glandular lobules of the liver becomes inter- 
related with an equally characteristic vascular pattern As we have seen, the 
omphalomesenteric veins of young embryos return from the yoll^-sac to the 
heart by way of the region in which the liver is developing (Fig 74) The 
growing cords of liver cells break up these veins into plexiform small vessels 
(sinusoids) which ramify in the spaces between the developing hepatic tubules 
(Figs 392, B-D) This is the first step toward establishing the characteristic 
hepatic portal circulation of the adult After the yolk-sac undergoes regression 
the paired omphalomesenteric veins as theyr approach the liver become cross- 
connected and parts of each fall into disuse (Fig 406, B-D) thus giving nse 
to the unpaired portal vein characteristic of the adult (Fig 407) The distal 
tributaries now collect blood from the capillaries of the developing gastro- 
intestinal tract and route it by way erf the portal vein to the liver The pecuh 
arity of this arrangement is that blood which has already been through a 
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Flo 290 Schematic diagram showing interrelations of secretory lobules 
and vascular drainage lobules m liver Note especiallv that a vascular Lainagc 
lobule contains parts of a group of adjacent glandular lobules (See differ 
entiai shading m lobide marked olTbj heavy broken lines, upper right ) Ob 
sen e also, that the hepatic sinusoids serve as a common dramagf channel 
for blood entering by hepatic artery and blood coming m by way of por”a1 


veins These veins, which are efferent with reference to the liver, are derived 
from the omphalomesenteric veins pioximai to the pomt where thiy were 
broken up b> the growth of the liver (Fig 406) ^ y vvere 


■ 
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shall find of great mtijorlancc m Uit desdopment of the circulator) svstem 
jn tins region 

The pattuii of tlic hiancimijr of dit. giovung litpaiic tubules is quite 
chaiactciistic and cslalilislics the basic aithitcctiir.il plan of the adult liver 
Tiom c.Tch of tilt prim.in tell colds a strits of hi audits grow out at right 
angles (Tig 290) Lacit of these hi.inclits in turn spioiiis a svstem of radiating 
siiiallti hi ant lit s (fig 290) iliist radi.iiing siinll hraiiclics become the 
tiihtihsof a stilt ton iuhule of the Imi, .iiid thc.isial cord of cells from which 
the) most sirsts .IS a lii.inth of the lKp.iiit dun sestem which drams such a 
lobule into one of the iiiim ducts lt.idiiig luwarti iht g.ill-hladdcr 
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Fig 289 Relations of hepnue ducts, tubules, and sinusoids in h\cr of a 
hiimin embryo of six ssccks (University of \fjcbignn Coll , EH 262, 1 1 5 mm 
C-R) 


The b^sic pattern of the glandular lobules of the hver becomes inter- 
related with an equally characteristic sascular pattern As ^^e have seen, the 
omphalomesenteric veins of young embryos return from the yolk-sac to the 
heart by way of the region in which the liver is developing (Fig 74) The 
growing cords of hver cells break up these veins into pleMform small vessels 
(sinusoids) which ramify m the spaces between the developing hepatic tubules 
(Figs 392, B-D) This is the first step toward establishing the characteristic 
hepatic portal circulation of the adult After the yolk-sac undergoes regression 
the paired omphalomesenteric v cins as they approach the h\ er become cross- 
connected and parts of each fall into disuse (Fig 406, B-D) thus giving rise 
to the unpaired portal vein characteristic of the adult (Fig 407) The distal 
tributaries now collect blood from the capillanco of the developing gastro- 
intestinal tract and route it fay way of the portal vein to the hver The pecuh 
anty of this arrangement is that blood which has already been through a 
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RESPIKATORY SYSTEM 

The upper part of the respiratory system has already been dealt with m 
other conntt tions The early de\elopmciit of the nasal region was considered 
with the development of the face Fhe manner m which the palate took shape ^ 
and formed the floor of the nasal chambers was discussed in connection with 
the development of the oral region Some of the later stages m the develop- 
ment of the nasal chambers, espcciaU> tlie differentiation of the olfactory 
regions, were taken up in the chapter on the sense organs \Ve may, therefore, 
begin the present section with a consideration of the laryngeal region 

Larynx The foundations for the formation of the larynx are laid very 
early, for it develops about the point of ev agination of the primary respiratory 
pnmordium from the caudal part of the pharynx Its lower portion is httlc 
more than trachea, somewhat enlarged and reinforced bv heavier cartilages 
Above the vocal cords it is essentially an entrance mechanism to the respira- 
tory passages, so constructed and so operating under reflex control that it 
closes the air passages as food is swallowed This ujjper part of the larynx 
centering around the epiglottis is derived from the floor of t he phary n\ adja- 
cent to the glottis In embryos of the fifth week vague swellings flanking the 
entrance to the primordial laryngotracheal outgrowth indicate the region 
where the arytenoid cartilages will form (Tig 251, A, B) By the beginning of 
the sixth week a rounded mid-vemral prominence appears at the base of the 
third and fourth arches As its position immediately cephalic to the glottis 
suggests, this elevation is the pnmordmm of the epiglottis (Fig 251, C) 
Coincidently the arytenoid swellings begin to grow toward the base of the 
tongue In so doing they soon begin to crowd against the epiglottis, adding a 
transverse component at the top of the sagittal slit which was the initial open- 
ing into the larynx and making it T-shaped (Cf Figs 251, B-D 291, A ) It 
IS at about this stage that exceedingly active growth of the laryngeal epi- 
thelium temporarily occludes the lumt n m a manner similar to that w t have 
seen occurring m the developing digestive tube When the growth of the 
lary ngcal walls becomes more rapid and the lumen is re-established the uppf r 
part of the entrance becomes more ovoid in shape although a dee p mter- 
arytcnoid notch still persists in the sagittal plane (Fig 291, B) By the tenth 
week (Fig 291, C) the major topographit al features of the entrance to the 
larj nx are already suggested It is at about this time that the vocal cords begin 
to take shape on either side of the expanding 1 iryngeal lumen The later de- 
tailed molding takes place rather more slowly and it is not until the last third 
of gestation (Fig 291, D) that the larynx takes on its definitive configuration 
Trachea The original larvngotrachcal outgrowth, as we have seen in our 
study ol young embryos, appears during the fourth week (Fig 70 C D) It 
IS at first bluntly rounded and has an extensive communication vvith tlie 
V entrocaudal part of the phary nx From this primordial outgrowth the t, achca 
extends caudad. v entral to, and roughly parallel with the esophagus (Fig 67) 
Umost from its first appearance the distal end of the outgrowth exhiluts the 
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arrangcnKnt whicli results can best be characterized as an intcrdigitaiion of 
duels and their tubules Nviih hepatic veins and their tributaries (Fig 290) 
Since each system consists of radiating branches about a central stem, a strik- 
ing overlapping of the radial systems occurs Taking a licpatic duct as the 
center of a group of radially arranged secretory tubules, one has hat could be 
called a secretory lobule (Fig 290) In the interstices bct\\ccn adjacent glan- 
dular units develop the veins that return the blood from the User to the in- 
ferior vena cava Tlic venous drainage of a glandular lobule is consequently 
toward its periphery , and the blood is carried away from it by several dincrcnt 
collecting veins (Fig 290) Conversely, if one c'cammcs the territory drained 
by any one of the many smaller veins that empty into the sublobular veins, 
one finds it composed of segments of the four to sue adjacent secretory lobules 
(Fig 290) Since this drainage territory' becomes more or less marked off by 
the spreading out of conncctiv'c tissue from about the hepatic ducts, there 
develops a secondary, or venous drainage, lobule of the liver (Fig 290) It is 
this sUructural relationship that is recognized in designating the vein as the 
central vein of a liver (vascular) lobule 

Striking features of lt\ cr structure used as landmarks in both histology and 
pathology arc the so-called portal canals These arc groups consisting of a 
hepatic duct, a branch of the portal vein, and a small arterial branch from the 
hepatic stem of tlic cchac artery, all supported close to one another by a com- 
mon investment of connective tissue Tlus highly characteristic arrangement 
IS a result of the way the afferent vessels of tlic liver in their growth tend to 
follow along with the epithelial system of ducts and tubules A review of the 
diagrams m Fig 290 should make tlus relationship clear and serve, also, to 
emphasize that each portal canal is really the axis of a secretory lobule of the 
liver 

The double afferent blood supply to the liver is interesting from the func- 
tional standpoint The small arterial branches seem to be distributed pri- 
marily to the stroma of the liver, but they must at the same time serve as the 
major source of the oxygen used by the liver as a whole The portal circu- 
lation, posmatally, brings to the liver various types of food materials which 
have already been acted on in the gut tract (F ig 388) In the embryo no food 
materials are coming into the portal circulation from the gut tract, but the 
food-laden blood from the placenta enters the liver and joins the portal circu- 
lation (Iig 406) Thus in either the embryo or the adult the liver has first 
access to incoming food materials In the embryo the combined portal and 
placental circulations far overshadow in volume the amount of blood coming 
into the liver by way of the hepatic artery In the adult the disproportion is 
less but the portal circulation still brings in much the greater volume of blood 
In neither embryo nor adult is there a separate venous return for the blood 
brought in by way of the hepatic arttiy This blood after passing through 
small vessels m the stroma finds its way mto the sinusoids that are fed by the 
nortal veins (Fig 290) and thence mto the central vems and back by way of 
the sublobular veins to the vena cava 
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respiratory system 

The upper part of the respirator\ system has alread\ been dealt with m 
other connections The early development of the nasal region was considered 
with the dc\ clopment of the face The manner in w hich the palate took shape ^ 
and formed the floor of the nasal chambers was discussed m connection with 
the development of the oral region Some of the later stages in the develop- 
ment of the nasal chambers, espcciall> the differentiation of the olfactory 
regions, were taken up m the chapter on the sense organs We may, therefore, 
begin the present section with a consideration of the lar>ngeal region 

Larynx The foundations for the formation of the larynx are laid very 
early, for it develops about the point of c\ agination of the primary' respiratory 
pnmordium from tlw caudal part of the pharynx Its lower portion is little 
more than trachea, somewhat enlarged and reinforced by heavier cartilages 
Above the vocal cords it is essintially an entrance mechanism to the respira- 
tory passages, so constructed and so operating under reflex control that it 
closes the air passages as food is swallowed This upper part of the larynx 
centering around the epiglottis is derived from the floor of t he pharyt^ adja- 
cent to the glottis In tmbryos of the fifth week vague swellings flanking the 
entrance to the primordial laryngotracheal outgrowth indicate the region 
where the arytenoid cartilages will form (Pig 251, A, B) By the beginning of 
the sixth week a rounded mid-vin»ral prominence appears at the base of the 
third and fourth arches As its position immediately cephalic to the glottis 
suggests, this elevation is th< pnmordmm of the epiglottis (Fig 251, C) 
Coincidemly the arytenoid swellings begin to grow toward the base of the 
tongue In so doing they soon begin to crowd against the epiglottis, adding a 
transverse component at the top of the sagittal slit which iv'as the initial open- 
ing into the larynx and making it T-shaped (Cf Figs 251, B-D, 291, A ) It 
IS at about this stage that exceedingly active growth of the laryngeal epi- 
thelium temporarily occludes the lumen m a manner similar to that we have 
seen occurring in the developing digestive tube When the growth of the 
lary ngeal walls becomes more rapid and the lumen is rc-estabhshed, the upper 
part of the entrance becomes more ovoid m shape although a deep inter- 
arytenoid notch still persists m the sagittal plane (Fig 291, B) By the tenth 
week (Fig 291, C) the major topographical features of the entrance to the 
larynx are already suggested It is at about this lime that the vo( al cords begin 
to take shape on either side of the expanding laryngeal lumen The later de- 
tailed molding takes place rather more slowlv and it is not until the last third 
of gestation (Fig 291, D) that the larynx takes on its definitive configuration 
Trachea The original laryngotracheal outgrowth, as we have seen in our 
study of young embryos, appears during the fourth week (Eig 70, C, D) It 
IS at first bluntly rounded and has an extensive communication with the 
ventrocaudal part of the pharynx From this primordial outgrowth the tiachea 
extends caudad, \ entral to, and roughly parallel w ith the esophagus (Fig 67) 
Mmost from its first appearance the distal end of the outgrowth exhibits the 
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suggestion of a pair of Knoblikc enlargements which arc called the lung buds, 
or somewhat more accuralcl), tltc primary bronchial buds (Fig 293, A, B) 
As the trachea elongates, the brorchml buds arc earned progressively farther 
caudad m tlic body until they reach their definitive position in the fhora'c 




Fio 291 Four stages in development of larynx (Redrawn, with consider- 
able modification, from Souli6 and Bardier, Jour deFAnat crdelaPhys, VoJ 
42, 1907) 


Only the epithelial lining and the glands of the trachea are derived from 
the original entodermal outgrowth from the pharyTix The cartilage, connec- 
tive tissue, and muscle of its wall are formed by mesenchymal cells which be- 
come massed about the growing entodennai tube During the eighth week it 
begins to be possible to distinguish between the part of the surrounding mesen- 
chyme which IS differentiating toward cartilage and that which is becoming 
muscle (Fig 292 A, B) B> the end of the ninth week the developing cartihge 
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ihc side Although ihr difFtrcnce m the angles ofdncrgcncc of the two bronchi 
becomes less imrkcd, it remains sulficicnt postnnta!l> to account for the fact 
that foreign bodies enter tlic right bronchus more often than the left During 
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rebranch to form the bronchial tree of a lobe of the adult lung Thus, even at 
the beginning of the second month, there are forecast the three lobes charac- 
teristic of the right lung and the two that appear in the left (Fig 293 C, D) 
The upper branch on the right is known as the apical, oi cpartcnal 
bronchus Its designation as eparterial is due to the fact that it lies upon 
(dorsal to) the pulmonary artery, whereas all the other mam branches pass 
ventral to it (Fig 293, F) Later in development, as the heart and great 
vessels move caudad m the bodv, the eparterial bronchus crosses cephalic to 
the artery, but the equivocal word “upon ’ is still applicable m man if one 
thinks in terms of his erect posture Mthough the term eparterial is a con- 
venient one m descriptive anatomy , it seems doubtful that this relationship is 
of sufficient basic morphological importance to justify the emphasis which it 


customaril) receives 

In the right lower lobe, also, there is a bronchial branch which does not 
have a symmetrical mate on the left This is the so-called cardne (infra- 
cardiac) bronchus Its absence on the left is usuall> attributed to its being 
“crovsded out” on that side bv the growing heart In this connection it seems 
pertinent to comment that one must be ver> cautious about accepting too 
literally such over-simple mechanical explanations of developmental proc- 
esses This IS not m< ant to belittle the importance of mechanical factors jn 
development, but to urge that thc> be kept m proper perspective Thc> appear 
so alluringly simple that they « mpt one to overlook the more subtle, and often 
more important, factors of inherent developmental potentialities 

The early branching of the primary bronchi tends to be monopodial — 
that IV to say, that a branch iv formed on one vide while the mam stem con- 
tinues to grow bevond the point of branching without essential change of 
direction (Fig 293, D, E) The branching after the mam bronchi are estab- 
lished IS more likely to be dichotomous, that is, there is bifurcation into two 
symmetrically placed branches neither of which extends in the original direc- 
tion of growth (Fig 295, B, C) The bronchial tree of a pulmonarv lobe is 
established by a continuation of this branching and rebranching process Bv 
the sixth month approximately 17 orders of branches hav e been formed From 
this time until birth increase m the complexity of the branching is very slight, 
and differentiation of the lobules alreadv formed becomes the conspicuous 
feature of development Even after birth, however, there is some additional 
branching continuing slowly through early childhood until the adult condi- 
tion of about 24 orders of branches has been established 


The tndodermal buds which constitute the pnmordium of tlie paren- 
chymatous portion of the bronchi and lungs start to develop withm a sur- 
rounding mass of mesenchyme Banked by splanchnic mesoderm (Fig 303 
B) The arrangement of structures m this region, which will be known m 
adult anatomy as the dorsal part pf the mediastinum, is suggestive of a broad 
mesentery supporting the lung buds ventral to the esophagus As the luntr 
buds grow they push out laterally mto the parts of the coelom on either s.de 
of, and dorsal to, the heart These regtotw of the coelom w.U eventually be 
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e\pandtd and Mailed olT to form the pleural cavities In this process the 
splanchnic mesoderm is jiashcd out as a covering over the mesenchyme- 
packed bronchial trees (Figs 294, 295, 303, C, D) The splanchnic mesoderm 
becomes thinned to foim the mesothclial !a)er of the pleura, and the imme- 
clnrcly underlying mesenchyme becomes the conncctnc-tissuc layer of the 
pleura The mesenchyme that serves as a loose, packing tissue about the 
developing cntodcrmal tubes fonns the sttoina of the puhnonnrv lobules, and 



Fro 294 Frontal section of thoncic rctjjon of human tmlirvo of 15 mm 
(seventh week) to show relation of dcvciopmc Umqs (Projection drawing, 
X 25, from Univcrsuv of Michigan Coll , FH 227 ) D = ductus arierious 


the cartilage plates, smooth muscle, and connective tissue which reinforce the 
epithelial lining of the bronchi 

After the bronchial tree has been established by successive branchings, the 
pulmonary lobules develop by expansion and elaboration of the myriads of 
terminal buds The branching, which tended to be dichotomous while the 
bronchial system was being established, now becomes quite irregular (Cf 
Fig 295, C with 296, 297 ) Each terminal or respiratory bronchiole develops 
a series of sacculations extending out in all directions so that m a single section 
only par t of the branches are seen and it is necessary to have recourse to casts, 
or to wax-plate reconstructions, to demonstrate the full complexity of the 
system There is much variability m pattern but generally each terminal 
bronchus divides into from thret to six irregular passages called alveolar ducts 
(Fig 297> A-) Each alveolar duct at first ends m a bulging sac of cuboidal to 
columnar epithelium (Fig 296) During the sixth month these terminal por- 
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,.ons become .rregolarly out-pocketed to form the numerous alveolar sacs 
(alveoli) which open into the alveolar ducts (Fig 297, A) Almost as soon as 
Ihev are established m their definitive relations, the alveoli begin to shovv 
radical changes m the character of their epithelial lining Starting in irregu a 
patches the hitherto columnar epithelium thins to squamous (Fig 297, D) 



A Sixth week (lomm) 


B EigM weeks 



C Twelve weeks (es mm) 


* ' 

D Fourteenth week (i 04 mm) 


F:o 295 Projection drawings (X 100) showing four early stages in histo- 
genesis of lungs A, Embryo of sixth week (EH 56, C-R, 10 mm ) B, Embryo 
of eight weeks (EH 15, C-R, 30 mm) G, Embryo of 11 weeks (EH 173, B, 
C-R, 65 mm ) D, Embryo of fourteenth week (EH 145, C, C-R, 104 mm ) 


As the respiratory areas are extended w ith the formation of additional alveolar 
sacs, the thinning of the epithelium involves more and more of the walls At 
the same time the capillaries of the pulmonary circuit increase the richness of 
their meshwork and capillary loops begin to bulge through the thinned epi- 
thelium so the blood in the capillanes is separated from the lumen of the 
aKeolar sacs by the thinnest of films of cytoplasm (Fig 297, D) Many his- 
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loIogKK Mine iIkic cnpiK irj loop) ultiimldj' pmli coraplcidj Ihrough the 
llimntd cpitlidimn lining llit aKioli w ih.it only ilic \.iicul.ir endothelium 
icparatcs the blood from the air in the .aUcoli J hii point n one of considcr- 
nbk liicoretic.il interctt, but mor< iniportam than the controverted dctaiU as 
to tin manner in which it is .icroinphshetl, is the Insic f.ict that the epithelial 
lining becomes suiricientl) tlimmd to jicrmii rcadj evdniigcs ofosyRcn and 



Tig 296 Projection dnismi; (X 300) of a pulmonary lobule from an 
embryo toiiard end of fifth month of development (Univeisitv of Michigan 
Coll , CH 143, C-R, 174 inin ) Compare with ns- 297, D, showing a correspond- 
ingareafrom a somewhat older embryo m which the thinning out of theepithe- 
Jining of the a]\co]i has comnicnccd 


carbon dioxide bctvvten the blood in the pulmonarj capillaries and the air in 
the alveoli When this has been accomplished one of the essential develop' 
mental prerequisites for postnatal survival has been met. 

It IS known that thoracic movements of a respiratory type may occur in 
older fetuses in utero There is stUl difference of opinion as to whether this is 
a regular phenomenon, or vvhether it occurs only when for some reason the 
fetus does not receive an adequate supply of oxygen by way of the placental 
circulation Certainly m experimental ammals an artificially produced anox- 
emia of the fetus causes vigorous respiratory movements, but that does not 
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I tVnf such movements may not also occur spontaneously 

rto‘‘other”'ctrcumstances Much further tvork ts needed on th.s recently 
opened and very interesting subject 




Fig 297 Development of the finer structure of the lungs as seen during the 
sixth month (Projection drawings from University of Michigan Coll , EH 221, 
C-R, 200 mm) A, Orienting diagram, X 100, ^Mth locations of areas shoivn 
enlarged in B, C, and D indicated B, Wall of a bronchiole, X 300 C, Wall of 
respiratory bronchiole, X 300 D, Part of a pulmonary lobule, X 300 


The partial distension of the pulmonary lobules regularly seen in sections 
of certam areas of fetal lungs strongly su^ests that the aspiration of a certain 
amount of amniotrc fluid is a regular intra-utenne occurrence This seems 
reasonably x\ ell supported by experiments m which dy es or particulate matter 
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imected into the amniotic fluid of expenmental animals have been recovered 
from the lungs The fetal lung as a whole, however, has its air spaces undis- 
tended and on casual microscopic mspecuon looks more like a gland than like 
an adult lung Moreover, it is sufficiently compact so that it will sink when 
placed in water In contrast a lung which has been actu e m respiration will, 
even at autopsy, retain enough air to cause it to float This fact may be of 
medicolegal significance m establishing whether an infant was stillborn or had 
lived for a time after birth In this connection it should be realized that the 
entire lung does not become fully inflated as soon as respiration starts For 
the first week to ten da)s after birth there arc likely to remain parts of the 
lungs which are unmflatcd (atelectatic), although after the first day or two 
such areas are relatively small 

Abnormalities of Respiratory System Serious abnormalities of the larynx 
are very rare Most of Us departures from the normal are in matters of size 
or proportions The whole organ may be large or small, and the shape of the 
laryngeal ventricles is subject to great variation 

The commonest anomaly of the trachea of serious clinical significance is a 
condition m w hich there is an abnormal opening between the trachea and the 
esophagus below the level of the larynx This condition is known technically 
as a tracheo-esophageal fistula (Fig 298) Such a fistula may be merely a 
small opening between an otherwise fairlv normal trachea and esophagus, or 
It may be a large opening co-existmg with an atresia of the esophagus In 
such a czise the esophagus usually ends as a blind pouch not far from the level 
of the fistula A newborn infant with such a developmental defect may appear 
normal and start to breathe without difficulty With the first attempts at 
nursing, however, there will be backing up ol milk from the blind esophagus 
into the trachea with a resulting infection (aspiration pneumonid) of the lungs 
Only recently have such caves been successfully dealt with surgically The 


Fig 298 Figures illustrating conditions encountered m a senes of cases of tracheo- 
esophageal fistula ^After Cameron Haight ) A Photograph of dissected specimen to 
show location of opening in an uncomplicated case of tracheo-esophageal fistula 
(Autopsy specimen from Umversuy of Michigan Hospital, Cast 5^1745 ) B, Lateral 
Naew diagram to show relations of trachea and esophagus in case illustrated in A 
C-F, Diagrams illustrating conditions encountered m a senes of cases of tracheo- 
esophageal fistula accompanied by varying degrees of agenesis of the esophagus 
(From Haight, Annals of Surgerv, VoJ 120, 1944 ) In the type of case represented 
by C there was interruption of the esophageal lumen but some continuity of its 
muscular walls In the type of case schematized by D there was complete interruption 
of the esophagus, the upper segment ending as a blind pouch and the lower segment 
having a lumen continuous with that of the trachea Note the way in which the 
stomach distended with air entermg by way of the trachea Cases of the tvoe 
diagrammed in E showed fundamentally the same relations as the D group av far as 
the upper segment of the esophagus was concerned, but exhibited varying degrees of 
narrmung of the esophageal ccnnecuon jstth the trachea It, the group Jeprtented 
b> F there „as a considerable secl.on of the esophagus that had failed to deseloo 
and neither the upper nor the losscr segment communicated ,„th the trachea In 
his senes of 35 cases in which the conditions were accuratelv 
Dr Haight (personal eommumcanon) has SouS o4 c^e of ^ T 
cases of tj-pe C. 20 cases of type D, four' cases of tjpfl^ldTso of. 
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injected into the amniotic fluid of experimental animals have been recovered 
from the lungs The fetal lung as a whole, however, has its air spaces undis- 
tended and on casual microscopic inspection loohs more hke a gland than like 
an adult lung Moreover, it is sufficiently compact so that it will sink when 
placed m water In contrast a lung which has been active in respiration will, 
even at autopsy, retain enough air to cause it to float This fact may be of 
medicolegal significance in establishing whether an infant was stillborn or had 
lived for a time after birth In this connection it should be realized that the 
entire lung does not become fully inflated as soon as respiration starts For 
the first week to ten days after birth there are likely to remain parts of the 
lungs which are uninflatcd (atelectatic), although after the first day or two 
such areas are relaUvel> small 

Abnormalities of Respiratory System Serious abnormalities of the larynx 
are very rare Most of its departures from the normal are in matters of size 
or proportions The whole organ may be large or small, and the shape of the 
laryngeal ventricles is subject to great variation 

The commonest anomaly of the trachea of serious clinical significance is a 
condition m which there is an abnormal opening between the trachea and the 
esophagus below the level of the larynx This condition is known technically 
as a tracheo-esophageal fistula (Fig 298) Such a fistula may be merely a 
small opening between an otherwise fairly normal trachea and esophagus, or 
It may be a large opening co-exisung with an atresia of the esophagus In 
such a case the esophagus usually ends as a blind pouch not far from the level 
of the fistula A newborn infant with such a developmental defect may appear 
normal and start to breathe without difficulty With the first attempts at 
nursing, however, there will be backing up of milk from the blind esophagus 
into the trachea with a resulting infection (aspiration pneumonia) of the lungs 
Only recently have such cases been successful^ dealt with surgically 7 he 


Fig 298 Figures illustrating conditions encountered in a senes of cases of tracheo- 
esophageal fistula (After Cameron Haight ) A, Photograph of dissected specimen to 
show location of opening in an uncomplicated case of tracheo-esophageal fistula 
(Autopsy specimen from University of Michigan Hospital, Cise 541745 ) B, Lateral 
view diagram to show relations of trachea and esophagus m case illustrated in A 
C-F Diagrams illustrating conditions encountered m a senes of cases of trachco- 
csophigeal fistula accompanied b> varying degrees of agenesis of the esophagus 
(From Haight, Annals of Surgery, Vol 120, 1944 ) In the t>pe of case represented 
by C there was interruption of the esophageal lumen but some continuity of its 
muscular w alls In the t> pe of case schematized by D there v, as complete mternipuon 
of the esophagus, the upper segment ending as a blind pouch and the lower seement 
having a lumen continuous with that of the trachea Note the way in whifti die 
stomach w^ distended with air entering by way of the trachea Cases of the type 
diagrammed m E showed fundamentally the same relations as the D group as far as 
the upper segment of the esophagus was concerned, but exhibited varving denrecs of 
narrowing of the esophageal connection with the trachea In the group reprlLnted 
b> F there ^^as a considerable section of the esophagus that had failed m develoo 
and neither the upper nor the lower segment communicated with the trachea In 

r accurately determined at oSion 

Dr Haight (personal communication) has encountered one ca«ie r\f » rT^ ^ ’ 
cate, of tv pe C, 20 cases of tv pe D, fj eases ofTy“„3t oT^e T ’ 
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Body Cavities and Mesenteries 

BODY CAVITIES 

The body cavities of adult mammals are (1) the pericardial cavity con- 
taining the heart, (2) the paired pleural cavities containing the lungs, and 
(3) the peritoneal cavity containing the viscera lying caudal to the diaphragm 
All three of these regional divisions of the body cavity are derived from the 
coelom of the embryo The originally continuous coelom is separated into 
these definitive subdivisions by three partitions (1) The unpaired septum 
transversum which serves as a sort of mcomptcic, provisional diaphragm, 
(2) paired pleuropericardial folds which arc attached to the septum trans- 
versum and complete the division between the pericardial and pleura) 
cavities, and (3) paired pleuroperitoneal folds which are also continuous with 
the septum transversum and complete the partition between the pleural 
cavity on either side and the peritoneal cavity The general location and 
relations of the coelom are already familiar from the study of young embry os, 
but It may be well, nevertheless, to review some of the more important of the 
early relations before considering the manner m which the adult divisions 
are established 

Primitive Coelom The coelom arises by the splitting of the lateral 
mesoderm on either side of the body into splanchnic and somatic layers 
(Fig 299) It is, therefore, primarily a pair of cavities each of which is bounded 
mesially by splanihnic mesoderm and distally by somatic mesoderm In 
forms such as birds and mammals which have highly developed extra-embry - 
onic membranes, the coelom extends between the mesodermal layers of the 
extra-embryonic membranes, far beyond the confines of the developing body' 
In mammals the nutrition of the embryo depends on the uterine relations 
established by the extra-embryonic membranes and they develop exceedingly 
precociously It is not surprising, m \ lew of this fact, that the splitting of the 
mesoderm in mammals occurs first extra-embryonically and progresses thence 
toward the embryo (Fig 299, A, B) When the body of the embryo is folded 
off from the extra-embryonic membranes, the extra- and intra-embryonic 
portions of the coelom are thereby separated from each other, the last place 
of confluence to be closed off being m the region of the belly-stalk (Fig 299, 
C) It IS the mtra-embryonic portion of the primitive coelom, thus delimited, 
which gives rise to the body cavities 

It will be recalled that the typical configuration of the mesoderm as 
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operation must be immediate and radical, and the mediastinum is one of the 
most difBcult parts of the body in which to operate In many cases the agenesis 
of the esophagus is such that establishing its continuity is not possible In spite 
of the hazards and the inevitable failures, the eases uhtcli arc successfully 
operated upon are technical triumphs and such operations oficr the only 
chance of survival to indnnduals with this defect 

As one might expect, the complicated pattern of branching of the bronchial 
tubes is likely to show considerable departures from the usual plan Such vari- 
ations even \vhcn they affect the larger bronchi arc ordinanly of little func- 
tional significance to the individual They arc likely to be of interest clinically 
only in case some such accident as the lodgment of a foreign body necessitates 
the use of a bronchoscope Mucli more significant medically is a malformation 
of the terminal parts of bronchial trees known as bronchiectasis WTicn this 
condition is of developmental origin some of the terminal bronchi form irreg- 
ular saccular enlargements that arc not molded into normal pulmonary 
lobules These sacs dram poorly and arc subject to chronic infection which 
may in time cause serious or even fatal damage to the lungs 

The lungs may be secondarily involved by abnonnal conditions which 
arise pnmanly elsewhere Tor example, in situs inversus of the viscera (Fig 
317) the apex of the heart points to the right instead of the left, and m such 
cases It will be the right lung that exhibits only two lobes while the left lung 
will be three-lobed Again in a case of diaphragmatic hernia the pleural sac is 
invaded by parts of the gastro-mtcstinal tract (Fig 306) It is such a condition 
that one occasionally sees ineptly publicized in the daily papers as a ease of 
“upside-down stomach “ In such individuals the lung on the affected side has 
Its efficiency senously reduced In most such cases the heart also has its action 
handicapped because of compression of the pericardial space Fortunately, 
return of the abdominal viscera to their proper location and repair of the gap 
in the diaphragm is usually successful when undertaken by a competent 
surgeon 
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Primary Relations in Pericardial Part of the Coelom In connection 
with the formation of the heart we have already become familiar with some 
of the primary relations in that part of the coelom which is destined to be 
walled olf as the pericardial cavitv of the adult It will be recalled that this 
IS the first mtra-embryonic part of the coelom to be established by splitting 
of the mesoderm into splanchnic and somatic lasers (Pigs 38, I, 72, A) 
As is the case with the coelom as a whole, the pericardial region is at first 
represented by paired right and left cavities In its differentiation, as well as 
in its initial appearance, the pericardial part of the coelom is precocious, for 
it IS the first region in which the primitive paired coelomic chambers become 
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coi^ucnt to establish an unpaired condition such as exists in the adult (Fiir 72, 
B ) During the time it is thus being established, the pericardial cavitt is 
in open communication caudally, on cither side, «.th the still paired coelomic 
chambers of the mid«body region (Fig 300) 

ptum Transversum The first indication of the partitioning off of the 
pericardial region from th< rest of the coelom is given by the formation of the 
septum transversum This aptly named structurt consists at first of a loich 

tearra^d TxteTdmg d ’’'"dr situated just caudal to the 
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indicated dmgrammatically in Tig 299 docs not pertain m the cephalic part 
of the embryo The mesoderm m the head region consists of mcsench) 7 nal 
cells which wander m from the more definitely organi7cd mesoderm located 





Fxo 299 Diagr^s illustrating early stages in development of coelom and 
mesenteries 

farther caudall> m the body Thus the jntra-cmbryonic coelom established 
b\ the splitting of the lateral mesoderm extends cephalad only to the level 
of the pharynx, and the heart is devrfoped m its most anterior portion (Fig 
300) 






body CAvinrs and hkcnttries 

The septum transversum must not be thought of as the pnmordium of the 
entire diaphragm The diaphragm is a composite structure of which the 
septum transversum forms only the more ventral portions (Fig 305, A) It 
never, Itself, extends all the way to the dorsal body-wall Nevertheless, the 
division of the coelom into thoracic and abdominal regions is already at this 
early stage clearly foreshadowed by the position of the septum transversum 
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fie 301 Relations of various parts of coelom during fifth week A, Semi- 
schematic frontal plan Arrows indicate location of pleural canals, on either 
side, dorsal to hver B, Lateral dissection to show left pleural canal opened with 
lung bud bulging into it medially (Modified from Kollmann ) C, Section 
through bodv of an 8 mm embryo, schematized to show relations at level of 
pleural canal Level of section is indicated by heavy line across B 

Pleural Canals Dorsal to the septum transversum, the region of the 
coelom occupied by the heart is confluent with that occupied by the stomach, 
hver, and intestines At this level the mass of the liver, in conjunction with 
that of the septum transversum, acts as a barrier to the ventral extension of 
the primary right and left coelomic chambers and they remain for a time 
relatively unexpanded as the so-called pleural canals These canals lie either 
side of the mediastinal region, and when the trachea bifurcates the lung buds 
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at the same time brings the pleuroperitoneal membranes into such a position 
that they appear to continue tlie septum transversum toward the dorsal 
body-wall For a time yet there is an opening from each enlarging pleural 
chamber mto the peritoneal part of the coelom (Figs 302, 308) This, how- 
ever, becomes progressively smaller and ordinarily closes in embryos of about 
19 to 21 mm (beginning of eighth week) 

Diaphragm With the closure of the pleuroperitoneal opening, the 
septum transversum and the pleuroperitoneal folds have combined to separate 
the thoracic cavities from the abdominal part of the coelom and we may say 
that the diaphragm has been established A diaphragm which completely 
separates the pleural cavities from the abdominal cavity is characteristic of 
the mammals Such a complete separation permits the establishing of nega- 
tive pressure in the pleural chambers, thereby increasing the cfiicicncy of the 
mechanism of inspiration 

During the course of development the septum transversum moves an 
astonishing distance caudad in the body In an embryo of about three weeks 
the heart lies — so to speak — under the chin, that is at this stage opposite the 
occipital and the uppermost of the cervical myotomes (Fig 304, A) The chief 
nerve to the diaphragm is the phrenic, which begins to send fibers to the 
premuscular masses of mesenchyme when they he at the level of the third, 
fourth, and fifth cervical nerves (Figs 304, B, 189) In embryos of the sixth 
week the developing diaphragm has moved caudad beyond the point of origin 
of Its nerve fibers so that the phrenic nerve begins to take on a descending 
course (Figs 304, C, D, 199, 190) As the diaphragm moves relatively farther 
caudad in the body, the phrenic nerve is correspondingly lengthened In 
embryos of the eighth week the lungs have pushed the dorsal parts of the 
diaphragm far caudad, giving the diaphragm as a whole a strongly domed 
contour This brings the attachment of the diaphragm to the dorsal body- 
wall down to the level of the lowist thoracic or the first lumbar segment 
(Fig 304, E, G), practically its adult level 

Relatively late in its development the diaphragm receives a secondary 
ingrowth of muscles from the body-walls Thus the completed diaphragm is 
derived dev elopmcmally from four sources (1) An unpaired ventral portion 
from the siptum transversum, (2) paired dorsolateral portions from the 
pleuroperitoneal membranes, (3) an irregular median dorsal portion from 
persisting parts of the primary mesentery caught between, and fused with, 
the septum transversum and the pleuroperitoneal portions, and (4) marginal 
ingrowths of body-wall muscle (Fig 305, A) 

Later Changes in Relations of Pleural and Pericardial Chambers We 
have already sc<n how the lungs, starUng to develop dorsally in the small 
pleural canals, push ventrally to form enlarged pleural chambers (Fig 303 
C, D) In this process space is made for the lungs at the expense of the loosi’ 
mesenchymal tissue of the young body-walls As they advance, the lungs 
separate off a sheet of body -wall tissue which is in effect added to the pleuro- 
pericardial membranes Thus the lungs and the pleuropericardial membranes 
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Fio 303 Schematic diagrams showing manner in which pleural and pericardial 
regions of coelom become separated 

regard the base of the triangle as being along the body-wall, and the apex as 
being attached to the septum transversum The cephalic margin would then 
be along the line of origin from the cardinal ridge while the caudal margin 
projects into the pleural canal (Fig 301, B, G, 308) As the lungs grow, we 
have seen that they push ventrad, excavatmg increasingly capacious spaces 
for themselves (Cf Fig 303 C, D ) At the same time they extend also caudad, 
making the original pleuroperitoneal membranes more extensiv e by dissecting 
them away — speaking figuratively— from the dorsolateral body-walls This 
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gradually come to lie on either side of the heart m their characteristic adult 
relations (Cf Figs 303, D, 305, C, 313) This same scries of changes s^vlngs 
around the lines of attachment of the pleuropericardial folds on the cephalic 
face of the diaphragm so that the pleuropericardial membranes come to be 
attached in practically a dorsoventral direction With these changes m mind 
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Fig 304 Diagrams to show changes m position of septum transversum 
between third and eighth week of embryonic life Septum transversum is drawn 
in solid black Broken line extending dorsocaudally m D-G indicates contour 
of pleuroperitoneal portion of diaphragm as seen in sections on either side of 
mid line In the two youngest stages no vertebral primordia have been formed, 
therefore somites are used to indicate metanienc level at %vhich septum trans- 
versum lies By beginning of sixth week \ertebral levels are indicated by 
sclerotomal concentrations which are drawn in their proper relation to the 
somites m C In all the older stages, centra of vertebrae as seen m sagittal sec- 
tions are used as index of metamenc level 

Abhreviations Au , auditory vesicle, G 1, first cervical (somite or vertebral 
pnmordium), Oc 1, first occipital somite, Oc B , pnmordium of basal portion 
of occipital bone, L, lumbar, S, sacral, T, thoracic 
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lie 307 Ectopia cordis A, Sketch of an infant ivith ectopia cordis and 
incompletely closed abdominal wall B, C, Hypothetical cross-sectional diagrams 
of embryos at tivo critical stages to suggest probable manner in ^vhlch this 
abnormality arises 

the abdominal wall are m the umbilical and inguinal regions Umbilical 
hernia will be considered later m this chapter with other abnormalities of the 
position of the gut-tract and mesenteries Inguinal hernia will be considered 
m the chapter on the urogenital system m connection with the development 
of the scrotal pouches 

The pericardium as svell as the diaphragm may be the site of defective 
development A radical defect which does not permit long survival after 
birth IS known as tciopia cordis (Fig 307, A) No embryos showing critical 
stages m the development of this defect have bten described, but from the 
nature of the malformation as it has been seen repeatedly in newborn infants 
one can speculate fairly shrewdly as to the general maimer in which develop- 
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Abnormalities in Development of Bod^ Cavities One of the interesting 
developmental abnormalities from a clinical standpoint is a congemlally mom- 
pUlt diaphragm In such a case the defect— for some unknown reason more 
usually on the left side — is most often due to fault) dev clopmcnt of the pleuro- 
peritoneal fold (fig 306, B) The abdoimmi viscera tend to liemialc through 
this opening m the diaphragm into the pleural cavit) (Tig 306, A), interfer- 
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mg ^vlth the proper expansion of the lung and often putting indirect pressure 
on the heart as well Surgical reduction of the hernia and repair of the gap in 
the diaphragm is usually possible in such cases The dramatic establishment 
of normal conditions following such an operation is much more gratifying 
than the results of the palliative surgery which is the only recourse m many 
of the other types of congenital defects In connection ivith such cases it should 
perhaps be mentioned that a congemtal absence of part of the diaphragm is 
not the only condition which may lead to the occurrence of a diaphragmatic 
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be^veen the l.ver and the stomach persists as the gastrohepalic omentum 
(lesser omentum, ventral mesogastnum), and the portion between *e hv^ 
and the ventral body-wall, although reduced, persists m part as the falciform 

(ventral) ligament of the liver (Fig 308) 

In contrast w ith the \ entral mesentery, which eventually disappears except 
in the region of the liver, almost the entire original dorsal mesentery persists 
It serves at once as a membrane supporting the gut in the body cavity and a 
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Fig 308 Lateral d\ssecUon to show arrangement of viscera and mescmene<> 
in an embryo of about six weeks In region of developing lungs bodv is cut 
p irasagittally, well to kft of mid-line, in order to show relations of pleuro- 
pericardial and pleuroperitoneal folds Below developing diaphragm, dissection 
has been carried to mid-hnc ,i466rn,iatiofis Y, yolk-sac, G, gall bladder 

path over which nerves and vessels reach the gut from mam trunks situated 
in the dorsal body-wall Its different regions are named according to the part 
of the digestiv e tube with which they arc associated^ as for example dorsal 
mesogastnum, that part of the dorsal mesentery which supports the stomach, 
mesocolon, that part of the dorsal mesentery supporting the colon In attain- 
mg their adult relations the mcscrnencs undergo radical changes from their 
initial position m the sagittal plane of the body as they become involved m 
the elongation and foldings of the gastro-mtestmal tract which they support 
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merit must have departed from the normal Unquestionably the defect must 
be cstabhslicd very carl> m development — probably aljout the third wed 
It IS at this time that the demarcation between inlra- and cxtra-cmbrj'omc 
coelom IS being established by the folding off of the body When the ventral 
body-walls in the cardiac region arc being formed they must catch the heart 
outside their place of convergence somewhat as suggested m the hypothetical 
section'll diagrams of Tig 307 B, C, rather than inside as occurs normally 
(Fig 72) Whether the primary’ disturbance is something which causes the 
heart to protrude abnormally far vcntrally, or whether it has something to 
do with the growth pattern of the body-walls is difficult to guess Unfortu- 
nately, as with most of the congenital defects, we know the end-results and 
something of the steps by tvhich they’ were arrned at but virtually nothing 
about the actual causative factors 

A defect of the pericardium tliat causes relatively little functional dis- 
turbance may occur as a result of a de/rdtie plniTopertcardial fold As is the ease 
with the defects of the pleuroperitoneal folds involved in diaphragmatic 
hernia, this condition is more hkcly to occur on the left side It leaves an open 
communication of varying size between the pericardial and one of the pleural 
cavities Under normal conditions such a defect causes little disturbance and 
may go unnoticed unless there is an otherwise inexplicable spread of a pleural 
infection into the pericardial region 

MESENTERIES 

Having traced the way the regional divisions of the body caviues are 
established, we may now turn our attention to the manner m which the 
mesenteries attach the viscera in the peritoneal cavity As was the case m 
dealing with the coclomic cavities, it will be well before discussing the later 
changes to review some of the basic relations m young embryos 

Primary Mesentery The same folding process that separates the embryo 
from the extra-embryonic membranes completes the floor of the gut (Figs 70, 
71) Coincidently the splanchnic mesoderm of either side is swept toward the 
mid-lme enveloping the now tubular digestive tract The two layers of 
splanchnic mesoderm which thus become apposed to the gut and support it 
in the body cavity arc known as the primary or common mesentery The part 
of the primary mesentery dorsal to the gut, suspending it from the dorsal 
body -wall, is the dorsal mesentery The part of the primary mesentery v entral 
to the gut, attaching it to the ventral body-wall, is the ventral mesentery 
(Fig 299, D) The primary mesentery, while intact, keeps the original right 
and left halves of the coelom separate But the more caudal part of the mesen- 
tery ventral to the gut very early breaks through, bringing the right and left 
coelom into confluence and establishing the unpaired condition of the body 
cavity characteristic of the adult (Fig 299, F) 

In the region of the hv er the ventral mesentery persists and the liver arises, 
as we have seen, from an outgrowth of the gut which m its development pushes 

into the ventral mesentery (Fig 299, E) The portion of the ventral mesentery 
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between the liver and the stomach persists as the gastrohepauc omentum 
(lesser omentum, ventral mesogastnum), and the portion between the liver 
and the ventral body -wall, although reduced, persists in part as the falciform 

(ventral) ligament of the hver (Fig 308) 

In contrast w itli the v cntral mesentery , w hich ev entually disappears except 
in the region of the liver, almost the entire original dorsal mesentery persists 
It serves at once as a membrane supporting the gut in the body cavity and a 
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Fio 308 Lateral dissection to shou arrangement of viscera and mesenteries 
in an embryo of about six weeks In region of developing lungs body is cut 
parasagittal!), vs ell to left of mid-hne, m order to show relations of pleuro- 
pericardial and pleuroperitoneal folds Below developing diaphragm, dissection 
has been earned to mid-line Abbraiations >oIk-sac, G, gall-bladder 

path over which nerves and vessels reach the gut from mam trunks situated 
m the dorsal bod) -wall Its different regions arc named according to the part 
of the digestive tube with which the> arc associated, as for example dorsal 
mesogastnum, that part of the dorsal mesenter) which supports the stomach, 
mesocolon, that part of the dorsal incsemer) supporting the colon In attain- 
ing their adult relations the mesenteries undergo radical changes from their 
initial position in the sagittal plane of the body as they become involved in 
the elongation and foldings of the gastro-mtestmal tract which they support 
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ment must have departed from the norma! Unquestionably the defect must 
be established very early m development — probably about the third week 
It IS at this time that the demarcation between intra- and cMra-embryonic 
coelom IS being established b) the folding off of the body When the ventral 
body-walls in the cardiac region are being formed they must catch die heart 
outside their place of convergence somcwliat as suggested in the h> 7 >othctical 
sectional diagrams of Fig 307 B, C, rather than inside as occurs normally 
(Fig 72) ^Vhcthcr the primary disturbance is something winch causes the 
heart to protrude abnormally far \cntraUy, or whether it has something to 
do with the growth pitlcm of the Ixidy-walls is diHicult to guess Unfortu 
natcly, as with most of the congenital defects, \sc know the end-results and 
something of the steps b> which thej were amsed at but virtually nothing 
about the actual causative factors 

A defect of the pericardium tliat causes relatively little functional dis- 
turbance may occur as a result of a defective pleuropmcardtal fold As is the ease 
With the defects of the pleuroperitoneal folds involved in diapliragmitic 
hernia, this condition is more likely to occur on the left side It leav cs an open 
communication of varying size between the pericardial and one of the pleural 
cavities Under normal conditions such a defect causes little disturbance and 
may go unnoticed unless there is an otherwise inexplicable spread of a pleural 
infection into the pericardial region 

MESENTCRKS 

Having traced the way the regional divisions of the body cavities are 
established, we may now turn our attention to the manner m which the 
mesenteries attach the viscera m the peritoneal cavity As was the case m 
dealing with the coclomic cavities, it will be well before discussing the later 
changes to review some of the basic relations m y oung embryos 

Primary Mesentery The same folding process that separates the embryo 
from the extra-cmbryonic membranes completes the floor of the gut (Figs 70, 
71) Coincidently the splanchnic mesoderm of either side is swept toward the 
mid-lme enveloping the now tubular digestive tract The two lay ers of 
splanchnic mesoderm which thus become apposed to the gut and support it 
in the body cavity are known as the primary or common mesentery The part 
of the primary mesentery dorsal to the gut, suspending it from the dorsal 
body-wall, is the dorsal mesentery The part of the primary mesentery ventral 
to the gut, attaching it to the ventral body-wall, is the ventral mesentery 
(Fig 299, D) The primary mesentery, while intact, keeps the original right 
and left halves of the coelom separate But the more caudal part of the mesen- 
tery ventral to the gut very early breaks through, bringing the right and left 
coelom into confluence and establishing the unpaired condition of the body 
cavity characteristic of the adult (Fig 299, F) 

In the region of the h\ er the ventral mesentery persists and the liver arises, 
as we have seen, from an outgrowth of the gut which in its development pushes 

into the ventral mesentery (Fig 299, E) The portion of the ventral mesentery 
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the distinction between these two parts of the lesser peritoneal space is not 
necessarily emphasized In this event the term omental bursa is likel> to be 
used [somewhat looselj ] as synonymous with the lesser peritoneal sac 

The entrance from the main peritoneal cavity into the lesser peritoneal 
sac IS known as the eptplmcjoramm (foramen of Winslow) In young embryos 
the epiploic foramen is a rather broad opening into the developing lesser sac 
As development progresses it becomes much more restricted (Figs 311, 312, 
p_jy^ 3 t 3 ) To grasp the relations of the epiploic foramen, certain fundamental 
conditions already dealt with in other connections should be clearly m mind 
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Flc 311 Dissection to show relations of developing omental bursa (Re- 
drawn, with slight modifications, from Arey '‘Developmental Anatomy,” 
courtesy, W B Saunders Co ) 


It will be recalled that an undivided peritoneal cavity is first established 
when the ventral mesentery' caudal to the level of the hepatic diverticulum 
breaks through and places the originally paired coelomic chambers in com- 
munication with each other (Figs 299, F, 308) We have just seen how the 
lesser peritoneal space is formed by the departure of the stomach from its 
primary sagittal position and the accompanying sacculation to the left of its 
supporting membranes Consequently, to pass a flexible probe from the mam 
(greater) portion of the peritoneal cavity into the lesser sac, it would be 
necessary to direct it first cephalad on the right side of the ventral meso- 
gastrium It would then have to curve to the left behind the stomach and pass 
into the bursa in the pouched-out dorsal mesogastnum (See arrows m Fies 
302, 309, B ) 
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Later Changes in Relation of Mesenteries In a sense the supporting 
tissue about tlic esophagus is comparable to a primitive mcscntcry-likc support 
which never becomes thinned into a membrane It will be recalled that this 
region becomes modified m the formation of the dorsal part of the medi- 
astinum In the gastric region the changes m the associated part of the dorsal 
mesentery arc set m motion along with the changes m position of the stomach 
Itself We have seen that the cardiac end of the stomach is shifted to the left 
while Its pyloric end moves to the right, and that this change m axial direc- 
tion IS accompanied by rotation (Fig 275) Inevitably the dorsal meso- 
gastnum must be extended with these cliangcs Its expansion, however, is 
far greater than necessary' merely to accommodate itself to the positional 
changes of the stomacli It forms a large sac which soon begins to protrude 
to the left of the stomach, well beyond its greater curvature (Figs 309, B-D, 
310, B-D) The cavity within this increasingly voluminous pouch formed by 
the dorsal mesogastnum is usually called by anatomists the omental bursa 
In adult anatomy the dorsal mesogastnum itself is commonly called iht greater 
omentum^ m distinction to that part of the ventral mesentery between the 
stomach and the liver (gastrohepatic omentum) which is designated as the 
lesser omentum 

As the greater omentum with its contained bursa continues to extend 
beyond the greater curvature of the stomach, the concomitant change in the 
axial position of the stomach causes the bursa to grow increasingly m a caudal 
direction (Fig 309, B-D) In so doing the greater omentum soon encounters 
the transverse mesocolon (Fig 311) by which it is deflected ventrally to 
hang over the transv ersc colon and cover, like an apron, the underly mg coils 
of the small intestine (Fig 312, C, D) It is not long after it is established 
in these relations before the layer of the dorsal mesogastnum which has come 
to he against the transverse mesocolon fuses with it to form a common sup- 
porting membrane (Fig 312, C, D) Comcidently' the two layers composing 
the dependent part of the bursa fuse with each other to obliterate the distal 
part of the lumen of the bursa (Fig 312, D) Later, when fat begins to be laid 
down in the body , this omental apron becomes one of the important sites of 
fat storage and at the same time provides an insulating layer protecting the 
abdominal viscera 

The entire bay of the peritoneal cavity which is formed dorsal to the stom- 
ach and bounded by its m< sogastria is often called the lesser peritoneal space For 
descriptive purposes we may recognize the omental bursa proper as that part 
of the bay bounded by the stomach and the dorsal mesogastnum (Fig 311) 
The so-called “vestibule” is bounded by the stomach, the ventral meso- 
gastrium, and the dorsal body-wall In young embryos there is a recess of the 
vestibule extending cephalad between the right lung and the mediastinum 
sometimes referred to as the infracardiac bursa (Fig 294) The distal part 
of this space is soon cutoff by the developing diaphragm In the adult traces of 
Its lower part may persist as the mfracardiac recess of the vestibule Because 
of the direct continuity between the vestibule and the omental bursa proper, 



or soo.es ) ^VH..e ae.s.s .„ C and e'ttcttT, 







516 


BODY CAVITIES AND MESENTERIES 


Another basic relation to keep in mind is the way the duct system of the 
liver and gall-bladder, and the accompanying blood vessels he in the caudal 
border of that part of the ventral mesentery which persists This group of 
ducts and vessels is sometimes collectively spoken of as the “hepatic root ” 
The part of the mcscntcr>' that invests them is called the duoclcnohcpatic 
ligament It is, of course, the part of the original ventral mesentery just 
caudal to, and directly continuous with, the gastrohcpatic omentum Ordi- 
narily the term lesser omentum is used to cover both the duodcnohcpatic 
ligament and the gastrohcpatic omentum, and the more specific terms arc 
used only when it is desired to emphasize local relations 

If one bears m mind the foregoing basic relationships m the development 
of the entrance from the greater to the lesser peritoneal sac, the adult anatomy 
of this region should be much more casil) grasped One sees in the epiploic 
foramen merely a communication from the main peritoneal cavity to the 
omental bursa This communication must of necessity pass to the right of 
the hepatic root m the border of the ventral mesentery m order to reach the 
deep bay formed behind tlic stomach (Sec arrows m Tigs 309-312) The 
way the pyloric end of the stomach and the duodenum bend backward 
toward the dorsal body-wall, and the expansion of the liver to the right and 
dorsally, both operate to reduce the relative size of the original communica- 
tion (Fig 310, B-D, 312, B-D) In the adult (Fig 313) the foramen, though 
quite variable, ordinarily admits but two fingers without undue stretching 
In the event of unexpected hemorrhage from the cystic artery m the course 
of surgical work m the region of die gall-bladder this foramen is a valuable 
point of orientation An index finger slid into the epiploic foramen serves as 
an easy tactile guide for locating and compressing the hepatic artery 

The development of the omental bursa is involved with the growth of 
certain other structures in a manner which establishes a number of adult 
anatomical relationships v ef y difficult to understand except m the light of their 
developmental history Important among the structures concerned are the 
spleen, the pancreas, and the mesentery of the duodenum Tlie spleen starts 
to form within the dorsal mesogastrium when the stomach is still in us early 
phases of rotation It grows rapidly and bulges more and more out of the left 
face of the mesogastrium (Fig 310, C) As the greater omentum (dorsal 
mesogastrium) grows, the spleen is carried dorsolaterally to lie close against 
the body-wall to the left of the stomach and a little dorsal to it (Iig 310, D) 
Although the spleen, along with the stomach, is earned caudad in the body 
from Its point of origin, it remains beneath the ribs and, consequently, 
unless It becomes abnormally enlarged, it is difficult to palpate on physical 
examination 

The pancreas starts to develop between the two layers of the primary 
dorsal mesentery at duodenal level (Fig 299, E), but it soon extends cephalad 
into the part of the dorsal mesentery supjxirtmg the stomach (Fig 310, C, 
312 A B) The same growth process which we have just seen bringing the 
spleen into its definitive position swmgs the part of the dorsal mesogastrium 
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Tig 314 Definitive lines of attachment of mesenteries to dorsal body-wall and 
diaphragm (After Raubcr-Kopsch, slightly modified ) 


brought closer to the dorsal body-wall and the mesoduodenum becomes 
greatly shortened (Cf Fig 312, A, B ) Except for a small part immediately 
adjacent to the stomach, the duodenum soon comes to lie against the dorsal 
body-wall anditsalreadyreduced mesentery IS completely resorbed (Fig 312, 
C) Nor do the changes in relations stop with the loss of its mesentery In 
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containing tlic pancreas against the dorsal body-wall (Fig 312, C, D) 
Shortly after this position has been attained the part of the dorsal meso- 
gastnum m contact uith tlic parietal pentonturn fusts with it (Fjg 310, D) 
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Fig 313 Ventral dissection to show relations of pericardial pleural and 
peritoneal cavities of adult (After Rauber-Kopsch ) Most of the small intestines, 
part of the liver, and a segment of the transverse colon have been removed m 
order to show position of remaining viscera more clearly 


During the third and fourth month this fusion becomes progressively more 
extensive until practically the entire length of the pancreas is mvoK ed The 
pancreas eventually becomes tightly adherent to the dorsal body-wall (Fig 
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US new position agninst tlic dorsal body-tvall tlic duodenum is ,n the angle 
bettveen the transverse mesocolon and the more dorsal part of the mc». 
gastrmm eephaheally (ng 312, D) Tl.ese layers, especially the mesocolon 


Vumbilicatij 




cover the original peritoneal investment of the duodenum which is eventually 
resorbed altogether Thus the duodenum finally lies embedded against the 
dorsal body-wall covered ventrocaudally by a secondarily acquired peritoneal 
reflection formed by the proximal part of the transverse mesocolon (Figs 312, 
D, 313) 
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Abnormalities in Development of Mesenteries and in Visceral Posi- 
tion From the sixth until somewhere around the end of the ninth week of 
development the gut normally protrudes through the umbilical ring into the 
belly-stalk (Figs 273, 274, A, 364) It is usually' m embryos of about 40 to 
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Ductless Glands and Pharyngeal Derivatives 

The various hormonc-producmg organs which arc ordinarily spoken of 
as the ductless glands arc comparatively small m size, and are located as 
isolated structures m widely separated places in the body The> do not 
constitute a coherent anatomical system with obvious structural interconnec- 
tions such as those joining the widely separated parts of the nervous system 
or the lymphatic system Because of the way they develop individually m 
early association with a variety of other organ systems, it would be quite 
logical to consider each endocrine gland m connection with the part of the 
body in which it arises Such a procedure would, however, have the disad- 
vantage of introducing digressions into a number of otherwise coherent stones 
Moreover, there is an extraordinary interlocking of the regulatory functions 
carried out m the body by the various endocrine glands which gives the group 
a physiological coherence in spite of tlieir morphological independence 

It seemed preferable, therefore, to devote 0 chapter to some of the major 
internally secreting glands as a group, although such a handling of their 
development must be regarded frankly as an arbitrary' method of convenience 
Such a chapter must also stop far short of completeness since several important 
hormones are produced by multiple small clusters of cells scattered m the 
substance of an organ with some other major function as, for example, the 
islets of Langerhans in the pancreas which produce insulin, a hormone con- 
cerned with sugar metabolism, or the interstitial cells m the testes which pro- 
duce a male sex hormone It would be cumbersome and repetitive to attempt 
to treat such endocrine areas except m connection with the organs m which 
they are located Then, too, there are organs producing a hormone ^vhlch 
can be recognized by its physiological effect, although we do not yet know the 
specific cells which produce it Such is the situation with the hormone secretin 
formed somewhere in the intestinal walls and activating the pancreas Obvi- 
ously discussion of this type of internally secreting mechanism must be left, 
for the present at least, to physiology 

From the standpoint of sequence it makes little difference which of the 
endocrine organs is considered first The appearance of its pnmordia m very 
young embryos makes the hypophysis a logical starting point The thyroid 
and parathyroids also claim early attention Their origin from specific areas 
of pharyngeal epithelium makes it necessary to review the morphology of the 
developing pharynx in some detail When the relations m the pharyngeal 
region are thus freshly in mind seems to be an opportune time to take up 
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certain other structures of pharyngeal origin such as the thy-mus and the 
tonsils This again must be regarded as merely a move of convenience, as the 
tonsils have no endocrine function and, although many workers ha\e sus- 
pected the thymus of acting as a ductless gland m young individuals, its 
functions are not at all well understood at the present time After this digres- 
sion, attention must be focused on an entirely difierent region of the body 
for consideration of the adrenal gland This, in brief, is the rationale for 
putting together m this chapter material which at first glance might seem 
illogically associated 

Development of the Hypophysis The hypophysis is formed from two 
separate primordial parts which unite secondarily One of these pnmordia, 
known as Rathke’s pocket, is an extension of the stomodaeal depression This 
cctodermally lined space, shaped somewhat like a glove finger, grows m the 
mid-hne toward the infundibular process of the diencephalic floor The 


primary relations of the structures involved are best seen toward the close of 
the fourth w eek, jUst before the oral membrane has been completely resorbed 
At this time the position of origin of Rathke’s pocket, external to the oral 
membrane, is clearly evident (Figs 56, 318, A, 321) 

The other primordial part of the hy'pophysis is the infundibular process 
which IS formed in the floor of the diencephalon This tissue is also of ecto- 
dermal origin, but Its histology, m keeping with its derivation by way of the 
neural tube, even at the outset differs from that of the epithelial portions 
derived from the lining of Rathke’s pocket Eventually, with very little 
change in its relations, the infundibular process comes to constitute the so- 
called pan neuralts of the adult hypophysis (Fig 318) 

1 he later changes in the stomodaeal portion of the hypophysis are more 
striking and cxteAsive Rathke’s pocket elongates and its blind end becomes 
closely applied to the infundibular process (Fig 318, B) By this time the 
cephalic tip of the notochord, which originally lay in contact with the infun- 
dibular process (Fig 56), has undergone regression (Fig 318, C) During this 
process the original stalk by w hich Rathke’s pocket arose from the stomodaeum 
first becomes narrowed (Fig 318, B), and then loses its connection with the 


stomodaeal epithelium (Fig 318, C, D) Meanwhile, the originally shallow 
stomodaeal depression, has been, greatly deepened by the forward growth of 
the adjacent nasal and maxillary processes and mandibular arch A vivid 
picture of the extent of this deepening process can be obtained by comparing 
the original superficial location of Rathke’s pocket (Fig 318, A) with the 
location of the line along which its stalk may be seen regressing m older 
embryos (Fig 318 C), and finally with the iocation at which unresorbed 
remnants of the stalk may appear in the adult (Fig 320) 

As the stomodaeal portion of the hypophysis becomes molded into a 
ouble-layercd cup about the pars neuralis, the rostral portion of its outer 
layer increases rapidly m thickness and takes on an obviously glan^ar 

:nh:Xt ry;:;hy:r(F;'' 3?^^ 

yp pnysis (tig 3IS C-E) The inner layer of Kathke’s pocket 
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The various hormonc-producing organs which arc ordinarily spoken of 
as the ductless glands arc comparatively small m size, and are located as 
isolated structures m widely separated places in the body They do not 
constitute a coherent anatomical system with obvious structural interconnec- 
tions such as those joining the widely separated parts of the nervous s>stcm 
or the lymphatic system Because of the way they develop individually in 
early association with a variety of other organ systems, it Nvould be quite 
logical to consider each endocrine gland m connection with the part of the 
body m which it arises Such a procedure VNOuld, ho\vc\cr, have the disad- 
\ antage of introducing digressions into a number of otherwise coherent stones 
Moreover, there is an extraordinary interlocking of the regulatory functions 
earned out m the body by the various endocrine glands which gives the group 
a physiological coherence in spite of their morphological independence 

It seemed preferable, therefore, to devote a chapter to some of the major 
internally secreting glands as 1 group, although such a handling of their 
development must be regarded frankly as an arbitrary method of convenience 
Such a chapter must also slop far short of completeness smee several important 
hormones are produced by multiple small clusters of cells scattered in the 
substance of an organ with some other major function as, for example, the 
islets of Langerhans in the pancreas which produce insulin, a hormone con- 
cerned with sugar metabolism, or the interstitial cells in the testes which pro- 
duce a male sex hormone It would be cumbersome and repetitive to attempt 
to treat such endocrine areas except in connection with the organs m which 
they are located Then, too, there are organs producing a hormone which 
can be recognized by its physiological effect, although we do not yet know the 
specific cells which produce it Such is the situation with the hormone secretin 
formed somewhere m the intestinal walls and activating the pancreas Obvi- 
ously discussion of this type of mtemally secreting mechanism must be left, 
for the present at least, to physiology 

From the standpoint of sequence it makes little difference which of the 
endocrine organs is considered first The appearance of its pnmordia m very 
young embryos makes the hypophysis a logical starting point The thyroid 
and parathyroids also claim early attention Their origin from specific areas 
of pharyngeal epithelium makes it necessary to review the morphology of the 
developing pharynx in some detail When the relations in th? pharyngeal 
reffion are thus freshly m mind seems to be an opportune time to take up 
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maizes contact \\ ith the pars ucui alts and tends to fuse n itli it Tiie laj cr tints 
secondarily applied to the pars neuralis constitutes what is called the jjcirs 
inlermrdia of the adult organ Between the pars distalis and the pars intermedia 
there remains for a time a shtlike lumen which is appropriate!) called the 
rmdud lumen (Fig 318, OD) because it is all that remains of the original 
lumen of Rathke’s pocket 

When the stomodaeal portion of Ratlike’s pocket has prett) well encased 
the distal end of the pars neuralis, a pair of lateral buds arise from the sto- 
modaeal tissue These arc situated on cither side of the infundibular stalk 
and tend to grow around it to meet and form a sort of collar about the neck 
of the stalk This collarlike portion constitutes the pars tuberabs of the adult 
gland (Fig 319) 

Although mammals in general possess the same fundamental parts of the 
hypophysis there is considerable vaiiation m some of the structural details 
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Fkj 319 Schematic diigrims showing origin of pirs tubenlis of h>poph>sis 


In mmy forms (e g , c'lt, dog) ibc stomodneal tissue extends much more 
around onto the caudal side of the pars neuralis th m is the case m man Such 
forms come to have a pars intermedia which cnv( lops the pars m urahs fairly 
completely, rather tlian being limited to its rostral face as m man There is 
also a great deal of variation m tlie extent of the residual lumen In man it 
t( nds to became reduced to a vestigial shl which does not completely separate 
the pars distaUs from the pars intermedia In other forms the residual lumen 
gives a clean line of separation between these two parts of the hypophysis — 
a condition which is of great help in isolating them for the preparation of 
extracts for experimental purposes Similarly in man and most.of the land 
mammals commonly ustd experimentally, the pars intermedia has become 
so intimately adherent to the pars neuralis that their separation is difficult and 
uncertain In the cetacea, however, enough connectiic tissue remains be- 
tween Rathke’s pocket and the infundibular process so that the pars inter- 
medta can be readily and cleanly peeled away from the pars neurahs, eien 
H ‘‘fa 1 “"dmon has proved lery helpful in experimental work 
aimed at detemiming the nature of the hormones produced in each of the 
different parts of tins complex and important ductless gland 

The h.stogenetie changes involved m the formation of the several parts 
of the hypophysis are best left for consideration -n text-books of m.croscop ca 




Fig 318 Diagrams showing changing relations of neural and stomodaeal 
portions of hypophysis during development A, Scmischematic sagittal section 
of four-week (4-5 mm ) human embryo B, Projection diagram of sagittal 
section of human embryo of about sis and a half ^^ceks (C-R, 15 mm , Uni- 
versity of Michigan Coll , EH 4 ) C, Projection diagrams of sagittal section of 
25 mm , University of Michigan Coll , 
EH 33 ) D, Sagittal section of hypophyseal region of embryo of eleventh week 
(C*R, 60 mm , Umversity of Michigan Coll , EH 23 ) E, Schematic plan of adult 
hypophysis 
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Fic, 320 Diagram to ihow manner m t\hich accessory anterior lobe tissue 
of hypophysis may occur along old path of ingrowth of Rathke’s pocket 
(Modified from Moms “Human Anatomy ”) Three possible locations are 
shown (1) “intracranial,” i e , within sella uircici, (2) “mtnosseous,” i e , in 
sphenoid bone, and (3) “pharyngeal,” ic, in soft tissues of dorsal wall of 
pharynx 



Fio 321 Pharynx of a 4-mm (fourth week) human embryo with its rela- 
tions to important adjacent structures indicated Contours of Msceral arches 
between them shD\v location of external gill 
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analoniy SufTice it to say, here, that in all the parts of the gland ofstomodaeal 
origin the endocrine character of llic tissue is early indicated by the way a 
rich sinusoidal circulation develops among the cords and nests of secretory 
cells Each part has us own characteristic histology, and a great amount of 
taicful work is being done currently with a variety of special staining technics 
designed to secure ( vidcncc as to the specific source of certain of the hormones 
produced within this cHtraordintinly versatile gland Much, however, remains 
to be found out before one can be very CNphcit alxjut the five to eight or more 
hormones said to be produced in the hypophysis It stems probable that when 
the active principles which produce these phy siological cficcts arc esolaicd they 
will prove to be fewer m number than currently believed Some of the 
responses elicited evpcnmcntally and now attributed to specific hormones 
seem quite likely to prove to be combination cfTccts However this may work 
out, the formation of growth-promoting hormones and gonadotropic hor- 
mones m the pars distahs is established beyond question, and should be 
mentioned here because of the direct importance of these hormones in 
problems coming into the field of embryology Two substances have been 
extracted from the pars ncurahs, pitrtssin which raises blood pressure and 
exerts an antidiurctic efftet, and pitocm which is a powerful activator of 
smooth muscle It is the presence of the latter principle in the crude extract 
of the neural portion of the hypophysis which has made u so valuable in 
obstetrics m the induction of uterine contractions 

Abnormalities of the Hypophysis Functional disturbances in the amount 
or quality of one or more of the hormones produced m the hypophysis are not 
uncommon Involving as they frequently do profound disturbances m growth, 
or in the normal development of the sex organs, they are of great clinical 
interest Unfortunately, not enough is yet known concerning these functional 
disturbances to permit us to say whether they are hereditary or are the result 
of disturbances during development whicli do not manifest themselves as 
obvious morphological defects in tlie gland 

The commonest evident structural abnormality of the hypophysis is the 
presence of ectopic anterior lobe tissue along the course of ingrowth of 
Rathke’s pocket As indicated in the schematic diagram of Fig 320, there are 
three locations in which these accessory masses of anterior lobe tissue may 
occur (1) Within the depression (sella turcica) m the sphenoid bone in which 
the hypophysis lies, but outside the capsule of the gland, (2) withm the sub- 
stance of the sphenoid bone, and (3) in the soft tissues of the dorsal wall of 
the pharynx The last location is by far the most common one, in fact, some 
writers feel that accessory anterior lobe tissue in the pharyngeal wall is such 
a usual occurrence that it should be regarded as a variant of the normal 
rather than as an anomaly 

Embryonic Pharynx Before considering the development of the special- 
ized structures arising from pharyngeal epithelium, it is desirable to have the 
topography of the embryonic pharynx clearly in mind It will be recalled 
that the part of the foregut just caudal to the oral membrane becomes com- 
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foramen cecum (Fig 251) Once freed from us parent epithelium the ihvroid 
primordiura migrates caudad, along a path ventral to the pharynx By the 
wrly part of the seventh week it lies at about the level of the laryngeal pri- 
mordium (Fig 323) By far the greater part of its bnlk now consists of lobes 
extending to either side of the mid-line with only a narrow isthmus of tissue 
joining them medially 

Meanwhile, on the caudal face of the fourth pharyngeal pouches, there 
have been developing small divcrticulac Known by various names according 
to one’s interpretation of their significance Some observers regard them as 
rudimentary fifth pharyngeal pouches Others arc so firmly convinced that 
these small pouches join with the median thyroid primordium to form true 



Tio 322 Schematic diagrams mdicaung ongm and later mterrelations of 
some of the denvaiuss of the embryonic pharyn'C (Modified from Swale- 
Vmcent ) 


ih^Toid tissue that they prefer to call them lateral thyroid primordia Although 
the evidence in favor of this latter view seems to be increasingly strong, the 
noncommittal term designating these cvaginations simply as postbranchial 
bodies IS perhaps as useful as any until their significance is established beyond 
doubt All observers agree that the di\ erliculae m question break loose from 
the fourth pouch and become mcoqiorated with the lateral lobes of the 
median thyroid primordium as it reaches posterior pharyngeal levels m its 
migration caudad (Figs 324, 325) Once associated with the thyroid Jobes the 
tissue of postbranchial origin tends to become buried m them (Fig 322, B) 
and Its subsequent history is difficult to follow The onlv question is whether 
m this position within the thyroid, the postbranchial tissue actually gives rise 
to typical thyroid follicles or merely remains as a vestigial inclusion of un- 
known significance On this point additional work is needed 

The Instogcnetic changes in the formation of the thyroid arc compara- 
tively simple to follow The primordial bud is composed of large columnar 
rells more or less radially arranged about a small lumen (Fig 326, A B) 
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pressed dorsovcntrally and widened laterally to form the pliarynx The early 
structure of this part of the digestive tract clearly reflects its respiratory func- 
tion m watcr-hving ancestral forms A senes of four pairs of lateral ba>s of the 
phar>ngcal cavity extend to either side forming the so-called phar>ngeal 
pouches (Fig 321) Each pouch IS opposite the corresponding gill furrow so 
that open gdf shts arc almost formed Sometimes, even in mammalian em- 
bryos, there IS actually a transitory break-through but usually a doublc- 
lavercd epithelial plate persists, composed of the ectoderm of the bottom of 
the gill furrow and the entoderm of the distal portion of the corresponding 
pharyngeal pouch Most of tlic organs that are destined to arise from the 
pharyngeal epithelium have their primordial buds formed while the pharynx 
still shows this configuration reminiscent of its ancient gill-brcathing condi- 
tion By the time the pharynx has been simplified to the condition charac- 
teristic of an adult air-brcathmg form, most of the pharymgcnl derivatives 
have lost their original connections and migrated to positions more or less 
remote from their points of origin 

Relations of Cephalic End of the Notochord In the preceding section 
on the development of the hypophysis, mention was made of the pri 
mary fusion of the ccphufic end of the notochord to the infundibular process 
(Fig 56) During tlic sixth week the notochord m this region undergoes 
regression, so that sagittal sections give the impression of its pulling awav 
from the infundibular process and also losing its continuity (Fig 67) At this 
stage the relations of the notochord arc quite variable It usually lies, free in 
the mesenchyme dorsal to the pharynx but may be found more or less inti- 
mately fused vvith Rathke’s pocket or Sccsscl’s pocket, or the roof of the 
pharynx farther caudally Toward the close of the second month the mesen- 
chymal concentrations constituting the primordmm of the base of the skull 
surround the remains of the notochord back as far as the beginning of the 
spinal column (Fig 155) Usually the regressing notochord is caught in the 
sphenoid and basioccipital bones Not infrequently, however, a portion of 
the notochord lies free of the developing cranium and bends ventrally into the 
pharyngeal wall (Fig 318, C) i^condary unions of the notochord with 
the pharyngeal epithelium occurring under these circumstances as well as 
those mentioned above show a curious tendency toward extreme cellular 
proliferation Critical study of such areas of fusion might well prove fruitful 
in connection with a peculiar type of tumor which occurs m the retropharyn- 
geal area and is known as a cliordoma because it is believed to arise from 
notochordal tissue 

Thyroid Gland The thyroid gland is the earliest of the phaiyngeal 
derivatives to make its appearance In embryos toward the close of the fourth 
week a median diverticulum arises from the floor of the pharynx at a cephalo- 
caudal level between the first and second pouches (Fig 321) Almost from 
Its initial appearance this thyroid pnmordmm is bilobed (Fig 322, A) It soon 
loses Its connection with the floor of tht pharynx, but its point of origin tends 
to remain marked by a depression of variable conspicuousness known as the 
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As these cells proliferate they become progressively smaller (Cf 326 , A B 
with C D ) This IS a phenomenon which occurs quite generally in the dif- 
ferentiation of specialized tissues from their embryomc primordia (Sec, for 
cNamole Fig 143 on the histogenesis of connective tissue, and hig 481) on 
the histogenesis of the epithelial lining of the esophagus ) As the primary 
cellular mass expands it becomes arranged in cords with vascular mesen- 



Fic 325 Reconstruction of pharyngeal region of a human embryo of 23 mm 
(middle of eighth week) to show migration of pnmordia of thymus, thyroid, 
rnd parathyroid glands toward their definitive positions (After tVeller, Car- 
negie Cont to Emb , Vol 24, 1933 ) 


chyme between them (Fig 326, C) During the third month, these epithelial 
cords break up to form cell nests surrounded by young, vascular connective 
tissue (Fig 326, D) To a slight degree toward the end of the third month 
(Fig 326, D), and more marledly during the fourth month (Fig 326, E) 
an acidophile material known as colloid begins to accumulate m the center 
of the cell nests When this occurs vve have the characteristic thyroid follicle 
established with its central mass of colloid surrounded by a simple cuboidal 
or low columnar epithelium The later changes involve the accumulation of 
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As these cells proliferate they become progressi\ ely smaller (Cf 326, A, B 
with C, D ) This IS a phenomenon which occurs quite generally in the dif- 
ferentiation of specialized tissues from their embryonic pnmordia (See, for 
example, Fig 143 on the histogenesis of connective tissue, and Fig 280 on 
the histogenesis of the epithelial lining of the esophagus ) As the pnmarv 
cellular mass expands, it becomes arranged in cords with vascular mesen- 
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greater amounts ot colloid m increasing numbers of follicles, and the giadual 
differentiation of the surrounding embryonic connective tissue into the 
characteristic Hbro-elastic tissue of the stroma of the adult gland As is so 
characteristic of the ductless glands as a group, the connective tissue inter- 
spersed between the epithelial units is highly vascular providing an effective 
arrangement facilitating the entrance of the hormone into the blood stream 
Parathyroid Glands There are ordinarily two pairs of parathyroid 
glands formed One pair is derived from the third and the other from the 
fourth pair of pharyngeal pouches Because ot their origin they axe commonly 
designated as parathyroids III and parathyroids IV (Fig 322, A) Para- 
thyroids III arise in close association with the thymic primordia (Fig 323) 
During the seventh week both these primordia are freed from the parent 
pouches and start to move caudad in association with each other Although 
these two primordial t ell masses become quite distinctly differi ntiatcd during 
the eighth week, parathyroids III arc very likely to remain for a time attached 
to the young thymus or even become encased in its cephalic tip (Fig 322, B) 
With the further caudal migration of the thymus, parathyroids III are usu- 
ally left embedded in the adjacent capsular tissue of the thyroid Thev lie 
caudal to parathyroids IV, hav mg passed them in their migration Thus the 
cephalocaudal relations of the two pairs of parathyroids are reversed in the 
adult as compared with their position of origin m the embrvo 

Parathyroids IV arise in close association with the postbranchial bodies, 
and when the postbranchial bodies merge with the lateral lobes of the median 
thyroid pnmordium, parathyroids IV usually become adherent to the thyroid 
capsule Not infrequently they become more or less embedded m the sub- 
stance of the thyroid gland (Fig 322, B) 

The histogcnctic changes are alike in the two pairs of parathyroids Both 
start as solid cell masses on the cramodorsal aspect of the respective pharyn- 
geal pouches These cell masses break up into cords and nests with large, 
irregular capillary spaces (sinusoids) between them in the manner so highly 
characteristic of many of the ductless glands The secretory cells show a rather 
pale clear cytoplasm The ovyphile cells which are so striking in the adult 
gland are not differentiated until long after birth— ordinarily about the 
tenth year 


Thymus In mammals as a group, thymic tissue may arise either from 
the third or the fourth pharyngeal pouches, or from both This situation has 
given rise to designating these primordia as thymus III and thymus IV 
Thymus III is in most mammals the more important pnmordium Thymus 
IV may be absent altogether and, even when formed, Js likely to be quite 
rudimentary and give rise only to vestigial tissue masses These masses usuallv 
become associated with the thyroid as it migrates caudad and may ultimateK 
become actually embedded m Us substance (Fig 322, B) In man thymus IV 
IS so unimportant and inconstant that we may confine our attention to thymus 
III In the following section, unless otherwise stated, all references to thymic 
primordia refer to thymus III ' 
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The thymic pnmordia m man appear late in the sixth utek as ventral out- 
growths of the third pharyngeal pouches They arise m very close association 
With tlic gill plate and many observers think that their primordial cell mass 
IS contributed to by the ectoderm m the floor of the gill furrow as well as by 
pharyngeal pouch entoderm When they first arise the thymic pnmordia 
liave small elefthke lumma, but these arc soon lost By the early part of the 
seventh week the pnmordia have elongated strikingly but they still retain 
their connection with the pharyngeal pouch and remain associated with 
parathyroid III (Fig 323) During the seventh week they lose their lumen 
and increase rapidly m bulk Tlicir distal tips begin to approach each other 
as they swing toward the mid-linc just caudal to the ihyroid pnmordium 
(Fig 324) By the middle of the eighth week all the pharyngeal derivatives 
have moved down in the neck (Fig 325) The distal tips of the thymic 
pnmordia have made contact with each other and have started to slide down 
under the sternum into the mediastinum, where they he m contact with the 
parietal pericardium The fusion of the right and left thymic pnmordia 
usually remains superficial so that the organ never entirely loses its onginal 
paired character The definitive position of the thynnus is quite variable, but 
I'lg 330 gives a reasonable picture of us usual location in a young individual 

The histogenctic differentiation of the thyinus is unusual in that after a 
start in one direction there is a radical change in the nature of the predomi- 
nant tissue formed To speak figuratively, it is as if the pnmordium suddenly 
changed its mind as to what it wanted to become In its early stages, as one 
might expect from its epithelial origin, the thymus is made up of cords of 
closely packed cells looking much like the pnmordium of any young gland 
During the third month, however, these epithelial cords lend to break up and 
form curious compact masses of cells known as thymic (Hassall’s) corpuscles 
In the fully differentiated condition of these corpuscles, some of their central 
cells tend to break down into a more or less amorphous mass which stains 
strongly with eosin Outside this central mass, flattened epithelioid cells are 
wrapped, much like the layers of an onion These curious spheroidal thymic 
corpuscles seem to be all that remain of the epithelial portion of the primor- 
dial thymus 

While these regressive changes have been taking place m the original 
epithelial pnmordia, there has been an abundant secondary ingrowth of 
mesenchyme which, by its increase in bulk, separates the epithelial remnants 
more and more widely Late in the third month this interstitial tissue* begins 
to take on the characteristics of reticular connective tissue, and colonizing 
cells of a type destined to form lymphocytes (Fig 391) settle in it The rapid 
proliferation of these lymphoblasts with the resultant accumulation of lympho- 

I Some authorities believe that this interstitial tissue anscs by modification of some of the ento 
dermal epithelial portion of the original outgrowths It is true that modem experimental work is 
dome much to soften the old ideas of ngid speofietty of germ layers m producing particular types of 

iM but nevertheless, one can only re main instinctively skeptical about this isolated instance ol 
^ entodennal ongm of connective tissue Further work is needed on this extraordinanly interesting 
Iramfonnation m tissue type that occurs m the developing thymus 
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cytes soon dominates the histological picture presented by the thymus so that it 
becomes very definitely a lymphoid organ rather than a young gland In 
final stages of its differentiation the thymus becomes lohulated and each 
lobule dev elops a cortical area of dense Ivmphoid tissue vv hilt a central portion 
(medulla) remains more diffusely populated with lympliocvtes 

The histological characteristics described abov e for the thymus apply to 
fetuses approaching tenn and to young indiv iduals In the newborn (Fig 329) 
the thvmus has alieady become relatively very large (12-15 Gm ) Its greatest 
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Ik 327 A, Dissection of pharynx of in infant to show various tonsillar 
masses constituting Waldcyer’s ring (Based in part, on Arey ) Cut surfaces arc 
in mid line, except soft palate, which has l>een cut to the right of the sagittal 
plane so uvula is removed, exposing faucial tonsil B, C, D, Schematic diagrams 
showing three stages in development of faucnl tonsils (Based, in part, on 
Miner, Arey, and Milton, Arch Otolaryng , Vol 25, 1937 ) 


relative weight is not usually reached, however, until around two to four )ears 
of age Its absolute maximum (30-40 Gm) is attained about the time of 
puberty After puberty the lymphoid tissue of the thvmus undergoes gradual 
regression, being replaced by fat (fatty involution), or by connective tissue 
(fibrous involution), or a combination of the two HassalPs corpuscles persist 
w ith less change and the thymus of older individuals is very likely to consist of 
nothing more than clusters of these corpuscles with a minimal amount of 
adherent lymphoid tissue embedded m fat and fibro-elastic connects e tissue 
Tonsils When used alone the term tonsil ordinarily refers to one of the 
masses of lymphoid tissue on either side of the passage from the oral cavity 
to the pharynx Technically these two masses are the palatine (faucial) tonsils 

(Fig 328) There are other tissue masses of similar ty-pe which together with 
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the paired, laterally plaeed, palatine tonsils form a ring (Waldeycr’s ring) of 
lymphoid tissue around the entrance from the oral cavity into the phaiynx 
Above, on the superior dorsal walls of the nasoplnr>-n\ (Fig 327, A), is an 
extensive area heavily infiltrated with lymphocytes and containing many 
lymph follicles which collectively constitute the plnryngcal tonsil (“the 
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Tic 328 Schematic drawing of a median dissection showing locations, m 
adult, of vestiges of the phar^aigcal pouches and certain of their derivatives (In 
part after Coming ) 


adenoids”) On the floor of the oro-pharyTJgeal passageway, situated on the 
root of the tongue, is another aggregation of lymph follicles which constitute 
the lingual tonsil (Fig 327, A) 

The palatine tonsil starts to form dunng the latter part of the third month 
with a lymphoid infiltration of the ctMinective tissues about the regressing 
second pharyngeal pouch As the lymphoid tissue increases m bulk the 
overly ing epithelium grows into the lymphoid tissue m the form, at first, of 
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solid cellular ledges These ledges graduall) open up to form crypts extending 
into the tonsils (Fig 327, B, C) During the last trimester of development the 
lymphoid tissue becomes organized mto definite follicles and the crypts 
branch, thus opening new, crooked passageways from the pharyngeal lumen 
deep into the substance of the growing tonsil (Fig 327, D) On the attached 
side of the tonsil the increasing mass of the lymphoid tissue compresses the 
connective tissue to form a partial capsule Postnatally the tonsils continue 
to grow until they bulge out of the original cleft into the passageway from ora! 
canty to pharynx There persists, adjacent to the cephalic pole of each tonsil, 



a depression called the supratonsillar fossa (Fig 328) which is all that ordi- 
narily remains of the once capacious second phary ngeal pouch 

The pharyngeal and Ungual tonsils develop in a similar manner starting 
with a diffuse lymphoid infiltration that gradually becomes more extensive 
They differ from the palatine tonsils in having their lymph follicles scattered 
over a less circumscribed area and m having much shallower and less com- 
plicated crypts 

Abnormalities of Pharynx and Pharyngeal Derivatives One of the 
most striking developmental defects of the pharyngeal region is a cervical 
fistula In this anomaly a slender, cpithelially lined tract extends from the 
lumen of the pharynx to open externally on the neck Such a condition repre- 
sents a persistent gill slit Its mtemal relations and the level of the external 
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opening vary dtpendiiig on \vlnch of the ph iryngcal pouches was involved 
Ordimnly it is the second or tlic third pouch and, in either ease, die external 
opening will be found along the medial border of the sternocleidomastoid 
muscle A fistula arising from the second pouch starts internally from the 
tonsillar fossa and usually makes its exit on the neck somewhere near the 
level of tlic larynx, wliercas one from the third pouch Ica\es the pharynix 
below the level of the hyoid bone and usually reaches the surface near the 
base of the neck (Fig 330) Defeels of this type are readily recognizable when 
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Fio 330 Schematic diagram of a dissection of the neck with jaw removed 

(Modified after Braus from Fischcl ) Root of tongue has been cut across to sho« 
a persistent thyroglossal duct On the subject’s nght arc indicated an unde- 
scended parathyroid III and the position charactensucally occupied b> a 
persistent third pharyngeal pouch opening on the neck as a cervical fistula 
On the subject’s left is indicated a cervical fistula associated with the second 
pharyngeal pouch 


they reach the surface, but when they are less extensive and exist only as 
pockets, or as mere epithelially lined cyst^ they may pass unrecognized until 
they cause trouble by becoming infected or distended by the accumulation 
of fluid 

Anomalies of Thymus The commonest developmental irregularity in- 
volving the thymus is the persistence of cords of thymic tissue along the course 
followed by the gland in its descent Such cords may be either unilateral 
(Fig 329) or bilateral 

Anomalies op Thyroid Gland Developmental disturbances of the thyroid 
gland may be of a number of types As m other glandular structures there may 
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be functional defects not evidenced by anv obvious structural departure from 
the normal, or a gland in the normal location may be significantly below 
normal si?e If for any reason there is a marked deficiency in the amount of 
thyroid hormone produced, the individual will tend toward the cretin type— 
that IS, be dwarfed in stature (Iig 134, G), sluggish intellectually, and pos- 
sessed of a dry thickened skin 

Another type of d( feet encountered is retention of an epithelial connection 
between the thyroid and its original point of origin from the floor of the 
pharynx, a condition known as persistent thjroglossal duct The epithelial tract 
may be open all the way from the foramen cecum to the larynx (Fig 330), 
or there may be a senes of blind pockets {thyroglossal duct at intervals 

along the course of miration of the thyroid 

There arc not infrequentl) small accessory masses of thyroid tissue which arc 
difficult to distinguish from the parath>TO!d As a matter of fact, it is often 
impossible to be certain of the character of such masses unless they arc 
sectioned and studied microscopically 

Anomaufs of Parathyroids The commonest of the developmental 
anomalies involving the parath>TOid glands arc variations m the extent of 
their migration with a resulting abnormality of location, and the presence of 
supernumerary parathyroids Not uncommonly there are nvo or more 
aberrant parathyroids vshich may be found anywhere in the connective 
tissue adjacent to the thyroid or the thy-mus, or actually buried m thyroid or 
thymic tissue The difficulty of telling small, accessory thyroid masses from 
aberrant parathyroids, and the fact that parathyroids III, or accessory para- 
thyroids, may be earned down beneath the sternum by the thy’mus in its 
migration into the mediastinum, can combine to confront the surgeon with 
problems requiring rcsourcefulnc’^s and sound judgment based on a back- 
ground of embryological knowledge 

Adrenal Gland and Accessory Chromaffin System The adrenal gland 
of mammals represents a secondary coalescence of two types of glandular 
tissue that occur quite independently in the fishes and are only loosely 
a'tsociated m amphibia and reptiles Its embryological dev'elopment in man 
suggests this history by the separate origin of its two parts— the centrally 
located medulla and the cortex which invests the medulla The origin of the 
adrenal medulla is involved with the origin of a whole group of tissue masses 
of the same general type and potentialities All of them are developed from 
certain cells of neural crest origin which migrate ventrally along with other 
cells entering the sympathetic ganglia but eventually detach themselves from 
the ganglia and become, not nerve cells, but gland cells active m the produc- 
tion of a specific hormone, epmephnn Due presumably to the presence of this 
internal secretion or Us precursor substance m their cytoplasm, they are 
uained brownish by chromic acid salts which has led to their designation as 
chromaffin celts Clusters of these chromaffin cells become located m close 
proximi^ to each of the chain ganglia, and arc known as paraganghomc 
chromaffin bodies, or more briefly as paraganglia (Fig 331) At birth the 
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Fig 332 Topographical diagrams of sections at adrenal level of embryos at 
various ages A, Sixth week (EH 35, C-R, 9 mm) B, Seven weeks (EH 138, 
C-R, 17 mm ) C, Eighth week (EH 164, C-R, 25 mm ) Areas drawn at higher 
magnification in Fig 333 are indicated by rectangles 
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so-callcd aorlic chromaffin bod)' (lumbar paraganglionic mass, organ of Zuckcr- 
kandl) This aggregation of chromanin tissue may retain iLs original paired 
condition, or fuse to form a single mass \cntral to the aorta The largest and 
most constant masses of chromaffin tissue arc those destined to form the 
medulla of the adrenal T lic^ appear on either side just cephalic to the dcvclop- 




Fig 333 Stages in histogenesis of adrenal gland For location of areas 
dra^vn, see Fig 332 Projection drawings, X 200 A, From s 9-mm embryo 
B, From a 17 mm embryo C, From a 25-mm embryo 

ing kidneys, and in mammals become secondarily invested with a differenl 
type of tissue which forms the adrenal cortex 

Aprenal Cortex The adrenal cortex arises from the splanchnic meso- 
derm at the base of the dorsal mesentery near the cephalic pole of the meso- 
nephros In embryos of the sixth week a fissure can be seen in this region, 
where mesodermal cells appear to be proliferating rapidly and pushing into 
the underlying mesenchyme (Figs 332, A, 333, A) By the end of the seventh 
week a considerable mass of cells has accumulated (Fig 332, B) and they 
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Fio 334 Development of adrenal medulla and accessor) chromaffin masses 
A, Section (X 40) of a human embryo of eighth week (C-R 25 mm ), showing 
migration of chromaffin tissue to form aortic body and adrenal medulla Section 
IS cut somewhat on a slant so that kidney shows on left whereas adrenal appears 
on right B, Schematic diagram showing accessory chromaffin masses identifiable 
m interrenal area of a six-month fetus (Modified from Iwanow, Zeitschr f 
Anat u Dntwg, Bd 84, 1927) C, Frontal section of adrenal of embryo of 
sev enth w eek showing chromaffin tissue penetrating to form medulla of adrenal 
(After Wiesel, from NIcMurnch ) 
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uc ahead) beginumg to be arranged in coids wiili 5.imisoids between them 
(fig 333, li) In cmbr>os toward the rlo^ of the eighth week the cortical 
masses have attained considerable m/c (Fig 332, C) Tlicy arc b) this time 
free of the parent mcsothelial la)tr and invested in a capsule of young con- 
nective tissue I he cordlike arrangement of (he secretory cells with sinusoidal 
v’ascufar spaces between tlicm Ins become finite striking (I ig 333, C) 



Fig 335 Photomicrograpli (X 10) of pansagitt-il section through caudal 
half of body of a nine week human embryo (University of Michigan Coll , 
EH 17, C-R, 39 mm ) Small rectangle indicates portion of adrenal gland shown 
m high magnification in Fig 336 


While the adrenal cortex has thus become a conspicuous landmark m the 
embryonic body (Fig 335), the development of medullary tissue has been 
progressing, although much less conspicuously Chromaffin cells which have 
migrated out of the adjacent sympathetic ganglia by way of the celiac plexus 
collect along the mesial border of each cortical mass and soon penetrate it so 
that areas of chromaffin cells constitutmg the primordial adrenal medulla 
gradually become encapsulated by the growing cortical tissue (Fig 334, A, C) 
During the third month a curious differentiation occurs within the cortex 
The inner portion develops into quite mature-looking cell cords, and these 
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cells show vacuoles suggesting that they may already be active in secretion 
This inner part of the cortex is called the “provisional cortex trig 333, U, 
336) Outside the provisional cortex is a zone of much less differentiated cells 
which constitute the so-called “permanent cortex ” The implication of these 
names becomes clear only in the light of changes which carry over into the 
postnatal period At the end of fetal life the permanent cortex shows little 
differentiation, and the provisional cortex, although relatively somewhat 
thinner than m young fetuses, still constitutes the bulk of the cortical portion 
of the adrenal Beginning toward the close of gestation, and increasing m 


Permanent Cortex 


Provisional Cortex 










Fig 336 Photomicrograph (X 110) of developing adrenal of a nine-week 
human embryo Location of section is shown bv rectangle in Fig 335 Med , 
clusters ot chromaffin cells becoming embedded in the cortex to form pn- 
mordium of medulla 

rapidity following birth, a degeneration of the provisional cortex occurs 
This greatly reduces it by the end of the first posmatal month, and leaves 
little if any trace of it bv the end of the first year As the provisional cortex 
undergoes involution, the permanent cortex begins to diffi rentiate, but it docs 
not at first keep pace with the rate of regi-ession of the provisional cortex and 
there is, in consequence, an actual postnatal drop m the total weight of the 

adrenal (Fig 113) According to Maxunow, the full histological differentiation 

of the cortex into the three zones characteristic of the adult is not completed 
until about the third year after birth, the innermost of these zones (zona 
reticularis) being the last to become established 

Abnormalities of Chromaffin System and Adrenal The most common 
developmental anomalies of the adrenal are related to its dual origin Acces- 
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sory cortical or medullary masses may be found at a variety of levels alon^ 
the mid-dorsal body-wall As one would expect from the manner m which 
they develop, such acccssoiy masses tend to he along the course of the dorsal 
aorta and to remain rctropcuioncal m position Not infrequently, however, 
accessory cortical or medullary masses may become adherent to the connec- 
tive tissue about the gonads while they still he near their position of origin 
^Vhcn this occurs in a female, accessory adrenal tissue may be earned away 
from the body-wall out into the bioad ligament In a male, the departure 
from the place of origin is much more sinking, for accessory adrenal tissue, 
either cortical or medullary, may be earned along by the testes m their descent 
into the scrotum A mass of adrenal tissue thus associated with the gonads is 
sometimes called the accessory adtenal oj Mnrehand The very frequent occur- 
rence of accessory adrenal tissue m irregular and often unsuspected places 
greatly complicates expcrnncnial work depending on complete removal of the 
adrenals 
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Development of the Urogenital System 

rUe uruiarv and leproductne systems are so closel) related both anatomi- 
cally and embr>al6gicallv that they must inevitably be considered together 
Neither system is particularly simple m organiration and the two of them to- 
gether present a formidable array of structures Naturally the development of 
such a composite group involves much of special interest to the embryologist 
^Ve shall see organs formed by the secondary association of parts which arose 
independently at different places Certain organs appear and then disappear 
completely without ever having become functional Other organs fall into 
disuse in their original capacity and begin to degenerate only to have some 
part setzed upon and salvaged by a new organ for a new function \Ve have, 
as It were, many characters m the story of the development of these systems, 
and each character, individually, is doing things of interest Sooner or later 
their activities cross The method of the novelist m dealing with such a situ- 
ation would be to sw Itch from one character to another to keep us m confusion 
and suspense as to what is going to happen nest Our method m dealing with 
this embryological story should be esactly the rev erse To prevent the various 
threads of the story from becoming entangled we must, as far as possible, 
follow one group of structures from their origin to their completion before 
becoming involvi d with another Because the unnary sy stem appears earlier 
than the reproductive system, we shall take it up first and follow it through 
Then we must return to young embryos and pick up the story of the internal 
reproductive system, watching constantly its relations to that of the excretory 
system with which wc hav< become familiar Yet again we must go back and 
follow the differentiation of the external genitalia This approach may appear 
circuitous, but any attempt to develop all the threads of the story synchron- 
ously would lead only to confusion 

URINABY SYSTEM 

General Relationships of Pronephros, Mesonephros, and Metanepb- 
ros As a preface to the account of the development of the human urinary 
organs, it is desirable to review certain facts about the structure and develop- 
ment of the excretory organs in the vertebrates generally Without such infor- 
mation as a background, the story of the earlv stages of the formation of these 
organs in any of the higher mammals seems utterly without logical sequence 
ith It, the progress of events encnvmtered seems but natural, because it is so 
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dearly an abbreviated rccnptlulalioii of conclitiuns whtdi existed in the adult 
stages of ancestral forms 

There occur m adult vertebrates three distinct excretory organs The most 
primitive of these is the pronephros, which exists as a functional excretory 
organ only in some of tlic lowest fishes As us name implies, the pronephros 
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Fie 337 Schermtic dia^ams to show relations of pronephros, mesonephros, 
and metanephros 


IS located far cephahcally m the body In all the higher fishes and m the 
amphibia the pronephros has degenerated and its functional role has been 
assumed by the mesonephros, a new organ located farther caudally m the 
body In birds and mammals a third excretory organ develops caudal to the 
mesonephros This is the metanephros, which constitutes our own permanent 
kidney All three of these nephric organs are paired structures located retro- 
pentoneally m the dorsolateral body-wall Fach consists essentially of a group 
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of tubules which discharge by \va> of a common excretory duct In the dif- 
ferent nephroi the tubules vary in structural detail but their functional signifi- 
cance IS, m all cases, much the same The) are concerned m collecting waste 
material from the capillar) plexuses associated with them and passing it on to 
excretory ducts by way of which it is finally eliminated from the body 

In tlie embry ological dc\ elopment of the mammalian urinary sy stem, pro- 
ncpliros, mesonephros, and mctanephros appear in succession, furnishing an 
excellent epitome of the same c%olutionary history' which may be learned in 
more detail from comparatw c anatomy In embry os sufficiently y oung w e find 
only a rudimentary pronephros It consists of a group of tubules (Fig 337, A) 
emptynng into ducts called the proncpliric ducts, which extend caudad and 
ultimately come to discharge into the cloaca 


A little later in de\ elopment there arises, in close proximity to each pro- 
nephric duct, a second group of tubules more caudal in position than the 
pronephric tubules These arc the mesonephric tubules In their grow ih they 
extend toward the pronephne ducts and soon open into them (Fig 337, B) 
Meanwhile, the pronephne tubules begin to degenerate and the ducts which 
originally arose in connection with the pronephros arc appropriated by the 
developing mesonephros After the degeneration of the pronephne tubules 
these same ducts lose their original name and arc called mesonephric ducts 
because of their new associations (Fig 337, C) 


At a considerably later stage outgrowths develop from the mesonephric 
ducts near their cloacil ends (Fig 337, C) These outgrow ths form the ducts 
of the mctancphroi They grow dorsolaterad and eventually connect with a 
third group of tubules which constitute the mctanephros (Fig 337, D) With 
the establishment of the metanephroi, or permanent kidncvs, the mesonephroi 
begin to degenerate The only parts of the mesonephric system to persist, ex- 
cept in vestigial form, are some of the ducts and tubules which, m the male 
arc appropriated by the testis as a duct system (Fig 337, D, ng/tl) 

Pronephros In human embryos the pronephros is an exccedmgh transi- 
toiy structure Pronephne tubules begin to appear m tmbryos of nine to ten 
somites (late m the third week) In all about seven pairs of tubules develop 
opposite the seventh to the fourteenth somites The most cephalic of theS 
tubu es, vvhtch arc the first formed, arc Jtkel> to show regressive changes be- 
fore the last in the senes appear late m the fourth week of dev elopment (93- 
o 25-somite embrj os) Ev en at the height of their dev elopment the pronephi-m 
tubules of birds and mammals are vestigial structures that merel> suggest m 
sketch, recapitulation the arrangement charactenstle of the functionTuro 
nephric tubules of low er forms (Cf Fig 338, A B ) 

The pronephne duct arises by the extension caudaH ^ i . 
pronephne tubule until it meets and fuses with the tuh ? h i* 
continuous channel The duct thus e^taWi hS ' I " ^ 

fond the level of the tubules umi d ">=- 

337) Since the pronephne tubules 

embtfos. we need give them no furUier consideration prone“dtr 
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dearly an abbreviated recapitulation of eonditioiis wliieli existed iii the adult 
stages of ancestral forms 

There occur in adult vertebrates three distinct excictory organs The most 
primitive of these is the pronephros, \shich exists as a functional cvcrctorj 
organ only in some of the lowest fishes As its name implies, the pronephros 
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Fio 337 Schematic diagrams to show relations of pronephros, mesonephros, 
and metanephros 


IS located far cephalically m the body In all the higher fishes and m the 
amphibia the pronephros has degenerated and its functional r61e has been 
assumed by the mesonephros, a new organ located farther caudally m the 
body In birds and mammals a third excretory organ develops caudal to the 
mesonephros This is the metanephros, which constitutes our own permanent 
kidney All three of these nephne organs are paired structures located retro- 
peritoneally m the dorsolateral body-wall Each consists essentially of a group 
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middle of the fomthjicch of development (embryos of 18 to 20 somites) At 
first blind vesicles, the young tubules soon make connection with the pro- 
nephric duct With the degeneration of the pronephne tubules and its appro- 
priation by mesonephric tubules, the pronephne (primary nephric) duct 
becomes known as the mesotiephnc duct The first mesonephric tubules usual!) 
appear at the level of tile fourteenth somite Ettension of tubule formation 
taudad from the point of its iHiTiaFion is rapid, and b> fitt weeks (7- to8-mm 
embrvos) has reached its most caudal ertent at the let el of the twenty -sixth 
somite (second lumbar segment) Earh in the grow th of the mesonephros a 
few tubules are formed cephalic to the fourteenth somite so that mesonephric 
tubules overlap, for a time, the more caudally located of the pronephne 
tubules This condition is, however, transitory and the more cephalic meso- 
nephric tubules as well as the pronephne tubules soon disappear In bird 
embrsos some of these most ccphalicalh located mesonephric tubules show 
rudimentary nephraslomes reminiscent of those seen in the functional mesonephroi 
of more primitive forms (Cf Fig 338, C, D ) Most, if not all, of the tubules 
m the mammalian mesonephios slur o\er this interesting phase in recapitu- 
lation and develop without a nephrostome 

With the progressive degeneration of the most cephalic tubules and the 
formation of new tubules from the intermediate mesoderm farther caudally, 
the mesonephros appears to mov c back m the body as dev elopment progresses 
As Its cephalic end degenerates the shrunken tissues, together with the 
enveloping fold of splanchnic mesoderm, come to constitute the so-called 
diaphragmatic ligatneni oj the mesonephros (Fig 358) As the process of tubule 
formation involves a given level, the nephrogenic tissue is soon completely 
converted into young tubules, two or more being formed opposite each somite 
yVith new tubule formation at caudal levels about keeping pace with tubule 
degeneration at the cephalic pole of the mesonephros, embry os of from four 
to nine weeks maintain a fairly constant number of tubules, there being about 
30_tQ_34 on either side during this period 

Considering now in more detail the process of the formation of individual 
tubules, we find when they are first budded olT from the intermediate meso- 
derm that they appear as cell dusters very close to, but not m contact with 
the mesonephric (old pronephne) duct (Fig 339, \) These primordial cell 
groups become elongated and one end of each growing cell cord soon fuses 
with the duct Once they have attained connection with the duct, the origi- 
nally solid tubules become hollowed out and increase rapidlv in length (Fig 
339, B, C) Starting from a simple S-shaped configuration, their pattern is 
complicated by secondary bendings (Fig 339, D, E) This growth in length 
greatly increases their surface exposure, thereby enhancing their capacity 
for interchanging fluid and waste materiafs with the blood in the adiacent 
capillaries ‘ 


Relations or Mesonephric Tubules TO Vascular System The relations 

of the mesonephric tubules to the vascular system are indicated schematically 
m Fig 339, E, F The mesonephros is fed by many small arteries arising 
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however, becomes of importnncc through ils subsequent relations to the 
mesonephros 

Mesonephros The mesonephros m young mammalian cmbiy'os attains a 
considerable degree of development Its tubules become higlily difTcrcntiated 
and, pending the development of the mclancphros, arc believed to become 
active m the elimination of nitrogenous waste As was the ease with the 






Fig 338 Drawings to show nephne tubules A, Drawing from transveree 
section through twelfth somite of 16'SOmitc chick to show pronephne tubule 
(After Lilhc ) B, Schematic diagram of functional pronephne tubule (After 
yViedersheira ) C, Drawing from transveisc section through seventeenth somite 
of 30-somitc chick to show primitive mcsonephnc tubule D, Schematic diagram 
of functional mcsonephnc tubule of pnmitive type (After Wiedershcim ) 


pronephne tubules, the mesonephric tubules are derived from the inter- 
mediate mesoderm At the time the tubules arise from it, the intermediate 
mesoderm shows no trace of segmentation When vieWed in reconstructions or 
dissections showing its longitudinal extent, it appears as a continuous band 
connecting the somites with the lateral mesoderm Fbr this reason the inter- 
mediate mesoderm is sometimes spoken of as the nepk^ogentc cord 

In human embryos mesoneplmc tubules begin to be formed during the 
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middle of the Jburthjaih of development (embryos of 18 to 20 somites) At 
first blind vesicles, the young tubules soon make connection with the pro- 
nephric duct With the degeneration of the pronephric tubules and its appro- 
priation by mesonephric tubules, the pronephric (primary nephne) duct 
becomes known as the mnmtphnc duel The first mesonephric tubules usually 
appear at the level of the fourttenth somite Extension of tubule formation 
caudad from the point of its Ration is rapid, and by five weeks (7- to 8-mm 
embryos) has reached its most caudal extent at the level of the tvyenty -sixtli 
somite (second lumbar segment) Early in the grow th of the mesonephros a 
few tubules are formed cephalic to the fourteenth somite so that mesonephric 
tubules overlap, for a lime, the more cjudallv located of the pronephric 
tubules This condition is, however, transilorv and the more cephalic meso- 
nephric tubules as well as the pronephric tubules soon disappear In bird 
embryos some of these most ceplialicallv located mesonephric tubules show 
nidmmteny ntphroMmes reminiscent of those seen m the funetional mesonephroi 
of more primitive forms (Cf Fig 338, C, D ) Most, if not all, of the tubules 
in the mammalian mesonephros slur over tins interesting phase in recapitu- 
lation and develop without a nephrostome 

With the progressive degeneration of the most cephalic tubules and the 
formation of nevi tubules from the intermediate mesoderm farther caudallv, 
the mesonephros appears to mov e baek m the bodv os dev elopment progresses 
As Its cephalic end degenerates, the shrunken tissues, together with the 
enveloping fold of splanchnic mesoderm, come to constitute the so-called 
diaphragmaltc Itgamenl of Ibe mesonephros (Fig 358) As the process of tubule 
formation involves a given level, the nephrogenic tissue is soon completely 
converted into young tubules, two or more being formed opposite each somite 
With new tubule formation at caudal levels about keeping pace with tubule 
degeneration at the cephalic pole of the mesonephros, embryos of from four 
to nine weeks maintain a fairly constant numbt r of tubules, there being about 
3tlJo_34 on cither side during this period 

Considering now in more detail the process of the formation of inditidual 
tubules, wc find when thi y are first budded off from the intermediate meso- 
derm that they appear as cell clusters very close to, but not in contact with, 
the mesonephric (old pronephric) duct (Fig 339, A) These primordial cell 
groups become elongated and one end of each growing cell cord soon fuses 
with the duct Onc< they have attained connection with the duct, the origi- 
nally solid tubules become hollowed out and increase rapidly in length (Fig 
339, B, G) Starting from a simple S-shaped configuration, their pattern is 
complicated bv secondary bendings (Fig 339, D, E) This growth in length 
greatly increases their surface exposure, thereby enhancing their capacity 
for interchanging fluid and waste materials with the blood in the adiacent 
capillaries 


^CATIONS OP Mesonephric Tubules TO VasculakSysteii The relations 

of the mesonephric tubules to the vascular system are indicated schematieally 
in Fig 339, E, F The mesonephros is fed by many small arteries arising 
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ventrolaterally from the aorta Each of these arterial twigs pushes into the 
dilated free end of a developing tubule, forming from it a double-walled cup 
called a gtarni/cr {Beaman's) capsule (Fig 339, D-F) Within the capsule the 
artery breaks up into a knot of capillaries known as the glomerulus Blood from 
the glomerulus leaves the capsule over one or more vessels (efferent with 
reference to the glomerulus), which again break up into capillaries and form 
a plexus in close relation to the body of the tubule in its tortuous course from 
glomerulus to duct From these capillaries the blood passes to collecting veins 
which are for the most part peripherally located in the mesonephros and 
more or less circularly disposed about it (Fig 339, E) These collecting veins 
form a freely anastomosing system connecting with both the posterior cardi- 
nals and the subcardinals, through which the blood is cvcntuall> returned to 
the general circulation 

Method of Functiosing of Nlmiric Tubules The method of function- 


ing of the nephric tubules is sufficiently interesting to u arrant closer scrutiny 
The proncphric tubules, the mesonephric tubules with nephrostomes, and the 
more highl) specialized type of mammalian mesonephric tubules without 
nephrostomes all operate m the same basic manner although each has its 
own functional peculiarities In the proncphric tubule (Fig 338, B) the fluid 
passing through the tubule to the excretory duct, and scr\mg as a vehicle 
carrying waste materials, is drawn m from the coelom b> way of a funnel- 
shaped opening (nephrostome) lined with cilia beating from the coelom to- 
ward the tubule A ridge of highly vascular tissue [the glomus) bulges toward 
the nephrostome prov iding a mechanism whereby waste materials may diffuse 
from the v ascular system mto the fluid as it pa^es out the tubules The primi- 
tive type of mesonephric tubule has a nephrostome similar to that of a pro- 
nephric tubule, but it has in addition a new mechanism m the form of an 
encapsulated tuft of capillaries, the glomerulus (Fig 338, D) This provides for 
the filtration of fluid from the blood stream tlirough the thin capillary walls 
of the glomerulus and the thin inner wall of the capsule mto the lumen of the 


tubule In the characteristic mammalian type of mesonephric tubule (Fig 
339) no nephrostome is formed and the tubule receives all its fluid by way of 
glomerular filtration To speak figuratively, it is as if having experimented 
with the new glomerular mechanism Nature had decided that it would work 
and that the old nephrostome, for a time conservatively retained along with 
the glomerulus, could finally be completely abandoned It is important to note 
that the capillaries after leaving the glomerulus form a plexus about the 
tubules before they enter the sub- or postcardinal veins (Fig 339, H) The 
brilliant experiments of Richards and his co-workers have made it evident 
that the action of the glomerulus is largely an unsclective filtration that pro- 
vides a liberal amount of fluid entering the tubule While passing through the 
^bules this fluid IS acted upon b> the epithehal cells in the tubular walls 
These cells selectivelv absorb certain chemical substances such as salts and 
sugars and return them to the blood m the elTerent capillaries associated with 
h part of the tubule Along with such substances a considerable amount of 
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water is also taken back into the blood passing through the efferent capillaries 
Thus the nitrogenous and other waste materials which arc the bj -products 
of metabolism arc concentrated and continue tlirough the tubules to pass off 
by \v a> of the ducts 

Although It IS relatively more conspicuous earlier in development, the 
mesonephros docs not attain its greatest actual bulk until mcII along toward 
the close of the second month of development There is considerable difference 
among mammals as to the degree of development attained by the mesonephros 
Tor example that of man, the cat, and the guinea pig remains relatively small 
The rabbit and the pig, on the other hand, have a very large mesonephros 
There is some reason to suspect that this difference in the size attained by the 
mesonephros is inversely related to the excretory efficiency of the placenta 
characteristic of the different species Regardless of the extent of its early 
development, when the metanephros is well established the mesonephros 
undergoes rapid involution and ceases to be of importance in its original 
capacity In dealing with the reproductive system, however, we shall sec that 
Its ducts and some of its tubules still persist and giv c rise to structures of vital 
functional importance 

Establishing of the Metanephros or Permanent Kidney The meta- 
ncpliros has a dual origin It arises m part from tissue budded off from the 
mesonephric duct, and in part from intermediate mesoderm situated caudal 
to the level of the mesonephros Of these two separate pnmordia, the one 
derived from the mesonephric duct is the first to appear In embryos as small 
as 5 or 6 mm this metanephric diverticulum, as it is called, can be identified as 
a tiny budlike outgrowth just cephalic to the point where the mesonephric 
duct opens into the cloaca (Fig 340, A) Almost from its first appearance the 
blind end of the metanephric diverticulum is dilated, foreshadowing its sub- 
sequent enlargement to form the pelvis of tlie Airfay The portion of the diver- 
ticulum near the mesonephric duct remains slender, presaging its eventual 
conversion into the ureter (Fig 341) 

As the metanephric diverticulum pushes out, it collects about its distal end 
mesoderm from the nephrogenic cord caudal to the level at which mesonephric 
tubules were formed The original relations of this mass of mesoderm are soon 
entirely lost because it closely invests the pelvic end of the metanephric diver- 
ticulum and IS pushed farther and farther away from its point of origin as the 
diverticulum continues to grow cephalad (Figs 340, 349) This mesoderm is 
destined to give rise to the secretory tubules of the metanephros, or permanent 
kidney, and is consequently termed metanephrogemc tissue Its change in rela- 
tions should not lead to overlooking the fact that it is intermediate mesoderm 
like that giving rise to pro- and mesonephric tubules, only from a more caudal 
level m the body (The metanephric diverticulum arises at the level of the 
twenty-eighth somite This is the segment that becomes the fourth lumbar 
See Fig 182 ) 

While the metanephric primordium is migratmg cephalad, it increases 
rapidly m size and encroaches on the space occupied by the mesonephros 
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Coiiicidcntl^, lapid iril(rnal diirutiUialioii js progrcssnig Tiic pelvic end of 
the diverticulum expands within us investing mass of mctancphrogcnic meso- 
derm and forms extensions tcpimlad and caudad winch arc called the mQ) 0 T 
calyces (Fig 341, D) These soon show subdivisions which arc known as the 
minor calyces (Fig 341, E) \Vith the formation of the calyces the shape of the 
pelvic cavity and its extensions is brought into a configuration much like that 
of the adult 

Meanwhile, from the tip of each minor calyx there arise numerous out- 
growths which push radially into the surrounding mass of ncplirogcnic meso- 
derm These outgrowths become hollow, forming the prim«iry straight collecting 



tubules of the kidney (Fig 341, E, 342, A) The group of straight collecting 
tubules associated with a minor calyx are the drainage channels for a natural 
unit of kidney structure They, together with the tubules that develop from 
the immediately surrounding metanephrogenous mesoderm, constitute a renal 
lobe (Figs 342 D, 347) 

The first changes in the metanephrogenous mesoderm which presage the 
formation of the unniferous tubule s occur near the growing ends of the ter- 
minal branches of the system of straight collecting tubules The mesodermal 
cells become arranged m small vesicular masses which he adjacent to die blind 
end (ampulla) of a collcctmg tubule (Fig 343, A) Each of these vesicular cell 
masses is destined to become a unniferous tubule draining into the straight 
collecting tubule adjacent to which it arises As the developing tubules extend 
toward the end of the collecting duct, the duct itself branches out to meet 
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Fig 342 Diagrams showing succession of branches derived from primary 
straight collecting tubules (Redrawm, with some modification, after Kelly and 
Burnam “Diseases of Kidneys, Ureters, and Bladder,” courtesy, D Applcton- 
Century Co ) Note the way m which a group of the branches of the primary 
straight collecting ducts ultimately form the drainage system for a renal lobe 


' l_ ■■ ^ — — Loop of Henie 

, J’r ® u" L"®' f ‘5? S in dev elopment of metaneohne 

“"'1 “Diseases of Kidneys UretcA 

and Bladder,” courtesy, D Applcton-Ccntury Co) ' ’ ^ 





560 


m VI IQI'Mt N1 O! IIIL UROGLNllAI b^blLM 


them (Fig 343, B) and soon the t\No become conflucni In I ig 343, C 
condition at a slightly more advanced stage is represented schcmaiicalK The 
drawing shows only two urmifcrous tubules in relation to the end of the col- 
lecting duct, whereas there arc actually more — usually four — forming a radi- 
ating erown of metanephne (urmifcrow) tubules about the tip of the straight 
collecting tubule (Fig 344) In this stage the young mctaittphnc tubules are 
very similar to mesonephric tubules (cf Fig 339), but m their later develop- 
ment they become much more elaborately convoluted and die configuration 
they assume is highly charnclcristic 




CblTedinq Tubule 


Loop of Herie 


Tio M4 Collecting and unmterous tubules of kidney of a human embryo 
of 11 weeks (C-R, 65 mm) (Redrawn from Huber, Am J Anat, Vol 4, 
Suppl , 1905 ) A, NIodel of a primary collecting tubule, starting just proximal 
to Its origin from the pelvis of the kidney Of the four second-order branches, 
three are represented as cut off and only one is modeled to show the two 
collecting tubules of the third order which arise from it, and their associated 
urmifcrous tubules B, Section (X 85) typical of those used m constructing 
model shown in A 

Typical Pl^n of a Fully Devploped Metanephrjc Tubule Shown m 
Fig 345, C IS a typical plan of a fully developed metanephric tubule Consid- 
ering Its parts in the order in which the fluid traverses them, the first is the 
renal corpuscle, consisting of a glomerulus enclosed in a capsule (Bowman s 
capsule) quite similar structurally and functionally to the corresponding parts 
in. a mesonephric tubule (cf Figs 339, F 345, B) Beyond the renal corpuscle 
IS a very tortuous stretch of unniferous tubule known as the proximal convoluted 
tubule Beyond its proximal convoluted portion the tubule is continued mto a 
long loop with relatively straight limbs^ — the loop of Henle (Fig 345, C) The 
loops of Henle are so placed that they extend from the outer part (cortex) of 
the kidney into the medullary portion of the kidney adjacent to the calyces 
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The closed part of the loop thus hes “deep” m a renal lobe and ®««dmgly 
the hmb of the loop which extends from the proximal convoluted tubule to- 
ward the closed part of the loop is known as the descending limb while that 
returning again toward the cortex is known as its ascending limb The ascend- 
ms hmb gi\es over into a second tortuous portion knoun as the distal 
voluted Me (Fig 345, C) Bc>ond its distal convoluted portion the tubule 
swings m a gentle curve toward the straight collecting tubule into which it 

-/kuWCoWingTahifc Collect, nq Tubule 

- Distal Convoluted TiiWle 
ProKimal Convoluted Tubule 
-Henles Loop 
-Glomerulus 
^BQ«fnQn& Capsule 





•Distal Convoluted Tubule 
•Renal Corpuscle 


■Arcbed Collect'nqTubule 
Distal Convduted Tubule 

Proximal Convoluted 
Tubule 
Stm i^CQlkdir^Tubale 
Glomerulus 
•Bowmarii Capsule 
Henles Loop 


Fig 345 Renal tubules at different stages of development schematicallj 
shaded to indicate corresponding itgions (Redrawn from Prentiss, after Huber 
and Stoerk ) 


Proximal Convoluted. 
Tubule 

Descending brnboF 
Henles Loop 


/Ascending Lin^of 
Henles Loop 


Straight Collecting 
Tubule 


discharges This curved portion is the arched cdlec^'ng tubule As can be seen by 
studying the senes of developmental stages shown in Fig 343, it is in this 
region that the union was originally made between the primordial straight 
collecting tubules derived from the metanephne diverticulum, and the un> 
niferous tubules derived from the metanephrogenic mesod< rm 

Grow th of the Kidney A careful study of Figs 343-345 will give a good 
review of the mam developmental steps involved in the differentiation of indi- 
vidual urmiferous tubules An additional word of explanation is, however 
necessary to indicate the manner in which the duct and tubule systems of the 
metanephros are expanded so they can keep pace functionally with the mass 
of the growing bod\ for w hich they must effcctiv ely carry on excretion Refer- 
ence has already been made to the vvay m which the straight collecting tubules 
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of the developing kidney branch and rchianch until tlic group of them enter- 
ing a minor caly\ fan out to form the drainage system for all the urinifcrous 
tubules m n renal lobe (I ig 342) As each generation of straight eollecting 
tubules IS foimcd, new uiinifcrous tubules develop about their tips as indi- 
catcdinFig 343, A-C luitlici giowtliisat tlic same time provided for b> the 
budding off of new orders of straight collecting tubules from about the point 
where the urmiferous, and the alrtadj established straight collecting tubules 
joined (See “Ampulla of next order,” I ig 343, D Slated more full), this 




Fig 346 Photomicrograph (X 50) of developing metanephros at three montiis 
(OR, 65 mm ) 

label designates the bod from which the next order of straight collecting 
tubules will arise by the lengthening of its basal portion, and into which the 
next order of unniferous tubules will empty, distally ) Each time new straight 
collecting tubules develop, new unniferous tubules are formed at their grow- 
ing tips m a manner precisely similar to that shown for the prev lous generation 
of tubules (Fig 343, A-C) 

In the groivth of the kidney the straight cohectmg tubules continue thus 
to form new orders of branches By the end of the fifth fetal month some 10 
to 12 gcnerationsof them have been formed Meanwhile, the pelvis and calyces 
have been expanding until the firat four orders of straight collecting tubules 
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are resorbed Thus m the fully formed kidney the 16 to 20 large straigh 
tubules (papillary ducts) that open into a mmor calyx at the apex of a rena 
lobe represent the fifth order of straight collecting tubules The tubules formed 



Fig 347 Photomicrograph (X 18) of one lobe of the metanephros of a 
human embryo at the beginning of the sixth month (C-R, 200 mm ) Inset, 
lower left, sho\ss the part of the kidney appearing in the photograph A sche- 
matic diagram of the arrangement of the renal tubules about a straight col- 
lecting tubule has been cut into the center of the lobe This diagram represents 
the structures of a renal lobule spread out for the sake of clearness 


by the higher orders of branches elongate to form the many smaller straight 
collecting tubules extending from the medulla into the radiate zone of the 
cortex (Fig 347) 

It IS implied by what has already been said about the way uriniferous 
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are resorbed Thus m the fullv formed kidney the 16 to 20 large straigh 
tubules (papillary ducts) that open into a mmor calyx at_^e apex of a rena 
lobe represent the fifth order of straight collecting tubules The tubules formed 
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Fig 347 Photomicrograph (X 18) of one lobe of the metanephros of a 
human embryo at the beginning of the sixth month (C-R, 200 mm ) Inset, 
lower left, shows the part of the kidney appearing m the photograph A sche- 
matic diagram of the arrangement of the renal tubules about a straight col- 
lecting tubule has been cut into the center of the lobe This diagram represents 
the structures of a renal lobule spread out for the sake of clearness 


by the higher orders of branches elongate to form the many smaller straight 
collecting tubules extending from the medulla into the radiate zone of the 
cortex (Fig 347) 

It IS implied by what has already been said about the way unniferous 
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lubulcs arc formed at the tips of the successive generations of collecting tubules 
that the tubules also increase m numbers by the formation of new generations 
added peripherally Careful estimates indicate that by the time of birth some 
12 to 14 generations of tubules have been thus formed and that, m spite of 
the degeneration of many of the tubules belonging to the earlier generations 
each kidney has approximately a million urinifcrous tubules Some additioml 
generations of tubules may be formed during the first montlis after birth but 
the greater part of the postnatal increase in the size of the kidney appears to 
be due to the growth of the tubules rather than to further increase in their 
numbers A good conception of the rapid increase in the number of tubules 
taking place during the growth of the kidney can be gleaned by comparing 
the small number of glomeruli seen m the cortex of the kidney at tlucc months 



Fic. 348 Drawings showing actual size of kidney and of adrenal gland at 
various stages of development 

(Fig 346) With the greatly augumented numbers in the cortex of a six-month 
kidney (Fig 347) The increase m the total bulk of the kidney is best shown 
by drawings to actual size such as the series shown m Fig 348 

Relations of Blood Vessels to Kidney Tubules The blood supply to the 
metanephros, instead of coming directly from the aorta by numerous small 
branches as is the case in the mesonephros, is brought in from the aorta 
through the renal artery and its brandies Nevertheless, the relations of the 
smaller vessels to the tubules are essentially similar in the two organs In each, 
an arterial twig breaks up into a glomerulus within a capsule at the distal end 
of the excretory tubule Likewise, in each, an efferent vessel leaves the glom- 
erulus to break up in a meshwork of capillaries in close relation to the rest of 
the tubule Functionally, too, the metanephric tubule works in a manner 
similar to that already described for the mesonephric tubule The renal cor- 
puscle is essentially a filtration mechanism which passes a large amount of 
fluid from the blood stream into the distal end of the uriniferous tubule The 
fact that the branches to the glomeruli are fed by generous-sized arteries direct 
from the aorta permits them to operate imder a relatively high pulse pressure 
which undoubtedly increases the efficiency of this filtration process The 



URINARY SYSTEM 


565 


capillaries carrying the blood away from the glomerulus are under much less 
pressure where they come into relation with the various parts of the tubule 
Although the experimental evidence is still fragmentary as to details it seems 
clear that the epithelium of the convoluted tubules extracts and returns to the 
blood m these capillaries certain of the so-called threshold substances such as 
salts and sugars which are thus maintained at surprisingly constant levels of 
concentration At the same tune much of the water that entered the tubule m 
the renal corpuscle is taken back into the blood, thereby concentrating the 
urine before it passes out of the tubules into the straight collecting tubules 
Later Positional Changes of the Kidney When the metancphroi arc 
first established they are located far caudally m the growing bodv (Fig 340, 
A, B), but as development progresses they come to he relatively much further 
cephalad (Fig 340, C-F) Their own actual movement headward is not quite 
so great as their change in position at first glance would indicate Part of their 
apparent migration is due to the rapid expansion of the portion of the body 
caudal to them This rapid growth of the caudal part of the body, it will he 
recalled, was responsible also for the wav the end of the slowly growing spinal 
cord comes to he well up in the spinal canal, with the segmental nerv'es pulled 
downward to form the cauda equina (Fig 202) It is so much easier to de- 
scribe the changing relations of the kidnev as if they were entirely accounted 
for by Its own migration that this factor of differential growth m the caudal 
region is frequently ignored Recognition of the importance of differential 
growth in the process makes the changes in the relative position of the kidney 
no less striking It will be recalled that the metanephrie diverticulum arose 
opposite the twenty-eighth somite (fourth lumbar segment) Scrutiny of Fig 
365, in which the segmental levels are indicated on the vertebrae, will show 
that toward the close of the third month the center of the kidney lies about 
opposite the second or third lumbar vertebra At term (Fig 366), it has mov cd 
up opposite the first lumbar or even as high as the twelfth thoracic vertebra 
There is, of course, as in all such processes considerable individual v ariability 
within normal limits 


More striking than the change m segmental level is the shift of the kidneys 
out of the pelvic part of the coelom In young embryos the kidneys he retro- 
peritoneally, bulging into the narrow pelvii cavity caudal to the bifurcation 


of the aorta where it gives rise to the umbilical arteries During the seventh 
week (Fig 349, A, B) the kidneys start to slide forward over the ridges formed 
by the umbilical arteries By the ninth week they have cleared this narrowed 
portion of the coelomic chamber and come to he against the dorsolateral body - 
walls above the arterial fork (Figs 349, C, D, 364) In this part of their ascent 
they are rotated about a quarter turn so that their convex borders originally 
directed dorsally, become directed laterally After this their changes in posi- 
tion are slower They move cephalad about two more segments (cf Figs 365 
366) and settle more deeply into the subperitoneal fat and connective tissue on 
the inner side of the dorsal bodi-vvall (F.g 349, D), gradually reaching their 
characteristic adult position (Fi^ 349, E) 
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tubules are formed at the tips of the successive generations of collecting tubules 
that the tubules also increase in numbers by the formation of new generations 
added peripherally Careful estimates indicate that by the time of birth some 
12 to 14 generations of tubules have been thus formed and that, m spite of 
the degeneration of many of the tubules belonging to the earlier generations, 
each kidney has approximatcl> a million urmifcrous tubules Some additional 
generations of tubules may be formed during the first montlis after birth, but 
the greater part of the postnatal increase m the si7c of the kidnc) appears to 
be due to the growth of the tubules rather than to further increase in their 
numbers A good conception of the rapid increase in the number of tubules 
taking place during the growth of the kidney can be gleaned by comparing 
(he small number of glomeruli seen in (lie cortex of the kidney at three months 



Fig 348 Drawings showing actual sue of kidney and of adrenal gland at 
various stages of development 

(Fig 346) with the greatly augumented numbers in the cortex of a six-month 
kidney (Fig 347) The increase m the total bulk of the kidney is best shown 
by drawings to actual size sucli as the senes shotvn in Fig 348 

Relations of Blood Vessels to Kidney Tubules The blood supply to the 
metanephros, instead of coming du^ctly from the aorta by numerous small 
branches as is the case m the mesonephros, is brought m from the aorta 
through the renal artery and its branches Nevertheless, the relations of the 
smaller vessels to the tubules are essentially similar in the two organs In each, 
an arterial twig breaks up into a glomerulus within a capsule at the distal end 
of the excretory tubule Likewise, in each, an efferent vessel leaves the glom- 
erulus to break up in a meshwork of capillaries in close relation to the rest of 
the tubule Functionally, too, the metanephric tubule works m a manner 
similar to that already described for the mesonephric tubule The renal cor- 
puscle IS essentially a filtration meebamsm which passes a large amount of 
fluid from the blood stream into the distal end of the uriniferous tubule The 
fact that the branches to the glomeruli are fed by generous-sized arteries direct 
from the aorta permits them to operate under a relatively high pulse pressure 
which undoubtedly increases the efficiency of this filtration process The 
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capillaries carrying the blood away from the glomcrulm are under much less 
pressure where they come into relation with the various parts of the tubule 
Although the experimental evidence is still fragmentary as to details it seems 
clear that the epithelium of the convoluted tubules extracts and returns to the 
blood in these capillaries certain of the so-called threshold substances such as 
salts and sugars which arc thus tnaintaincd at surprisingly constant levels of 
concentration At the same time much of the water that entered the tubule in 
the renal corpuscle is taken back into the blood, thereby concentrating the 
urine before it passes out of the tubules into the straight collecting tubules 
hater Positional Changes of the Kidney When the mctancphroi arc 
first established they are located far caudally m the growing bodv (Fig 540, 
A, B), but as development progresses they come to he rclatu civ much further 
ccphalad (Fig 340, C-F) Their own actual movement headward is not quite 
so great as their change in position at first glance would indicate Part of then 
apparent migration is due to the rapid expansion of the portion of the body 
caudal to them 1 his rapid growth of the caudal part of the body, it will be 
recalled, was responsible also for the wav the end of the slowly growing spinal 
cord comes to he well up m the spinal canal, with the segmental nerves pulled 
downward to form the cauda equina (Fig 202) It is so much easier to de- 
scribe the changing relations of the kidney as if they were entirely accounted 
for by Its own migration that this factor of differential growth in the caudal 
region is frequently ignored Recognition of the importance of differential 
growth in the process makes the changes in the relative position of the kidnev 
no less striking It will be recalled that the metanephne diverticulum arose 
opposite the twenty-eighth somite (fourth lumbar segment) Scrutiny of fig 
365, m which the segmental levels are indicated on the vertebrae, will show 
that toward the close of the third month the center of the kidney lies about 
opposite the second or third lumbar vertebra At term (Fig 366), it has mov ed 
up opposite the first lumbar or even as high as the twelfth thoracic vertebra 
There is, of course, as in all such processes considerable individual variability 
within normal limits 


More striking than the change in segmental level is the shift of the kidneys 
out of the pelvic part of the coelom In young embryos the kidneys lie retro- 
peritoneally, bulging into the narrow pelvic cavity caudal to the bifurcation 


of the aorta where it gives rise to the umbilical arteries During the seventh 
week (Fig 349, A, B) the kidneys start to slide forward over the ridges formed 
by the umbilical arteries By the ninth week they have cleared this narrowed 
portion of the coelomic chamber and come to he against the dorsolateral body - 
wails above the arterial fork (Figs 349, C. D. 364) In this part of their ascent 
they ate rotated about a quarter turn so that their convex borders originally 
directed dorsally, become directed laterally After this their changes in posi- 
tion are slower They move cephalad about two more segments (cf Figs 365 

366) and settle more deeply into the subperitoneal fat and connective tissue on 
the inner side of the dorsal b^-wall (Fig 349, D). gradually reaching then 
char'^cterjstic adult position (Fj^ 349, E) / s i 
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tubules arc formed at llic tips of the successive generations of collecting tubules 
that the tubules also increase m numbers by the formation of new generations 
added peripherally Careful estimates indicate that by the time of birth some 
12 to 14 gcnciations of tubules have been thus formed and that, in spite of 
the degeneration of many of the tubules belonging to the earlier generations, 
each kidney has approximate!) a million unnifcrous tubules Some additional 
generations of tubules may be formed during the first months after birth, but 
the grcatci part of the postnatal increase m the sire of the kidnc) appears to 
be due to the growth of the tubules rather than to further increase in their 
numbers A good conception of the rapid increase in the number of tubules 
taking place during the growth of the kidney can be gleaned bj comparing 
the small number of glomeruli seen in the cortex of the kidney at three months 



Fio 348 Drawings showing actual size of kidney and of adrenal gland at 
various stages of development 

(Fig 346) with the greatly augumented numbers m the cortex of a six-month 
kidney (Fig 347) The increase m the total bulk of the kidney is best shown 
by drasvings to actual size such as the senes shotvn in Fig 348 

Relations of Blood Vessels to Kidney Tubules The blood supply to the 
metanephros, instead of coming directly from the aorta by numerous small 
branches as is the case in the mesonephros, is brought in from the aorta 
through the renal artery and its branches Nevertheless, the relations of the 
smaller vessels to the tubules are essentially similar in the two organs In each, 
an arterial twig breaks up into a glomerulus within a capsule at the distal end 
of the excretory tubule Likewise, in each, an efferent vessel leaves the glom- 
erulus to break up in a meshwork of capillaries in close relation to the rest of 
the tubule Functional!) , too, the metanephric tubule works in a manner 
similar to that already described for the mesonephric tubule The renal cor- 
puscle IS essentially a filtration meebamsm which passes a large amount of 
fluid from the blood stream into the distal end of the uriniferous tubule The 
fact that the branches to the glomeruU are fed by generous-sized arteries direct 
from the aorta permits them to operate under a relatively high pulse pressure 
which undoubtedly increases the efficiency of this filtration process The 
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capillaries canning the blood away from the glomerulus are under much less 
pressure ^vhcre they come into relation with the various parts of the tubule 
Although the experimental evidence is still fragmentary as to details it seems 
clear that the epithelium of the convoluted tubules extracts and returns to the 
blood in these capillaries certain of the xo-callcd threshold substances such as 
salts and sugars which are thus maintained at surprisingly constant levels of 
concentration At the same time much of the water that entered the tubule in 
the renal corpuscle is taken back into the blood, thereby concentrating the 
urine before it passes out of the tubules into the straight collecting tubules 
Later Positional Changes of the Kidney When the metanephroi arc 
first established they arc located far caudally in the growing bod\ (Fig 340, 
A, B), but as development progresses thev come to he rclativ cly much further 
ccphalad (Fig 340, C-F) Their own actual movement headward is not quite 
so great as their change in position at first glance would indicate Part of their 
apparent migration is due to the rapid expansion of the portion of the body 
caudal to them This rapid growth of the caudal part of the body, it will be 
recalled, v\as responsible also for the way the end of the slowly growing spinal 
cord comes to he well up in the spinal canal, with the segmental nerves pulled 
downward to form the cauda equina (Fig 202) It is so much easier to de- 
scribe the changing relations of the kidney as if they were entirely accounted 
for by Its own migration that this factor of differential grovvth m the caudal 
region is frequently ignored Recognition of the importance of difTerential 
grovvth m the process makes the changes in the relative position of the kidney 
no less striking It will be recalled that the metanephne diverticulum arose 
opposite the twenty -eighth somite (fourth lumbar segment) Scrutiny of I ig 
365, in which the segmental levels are indicated on the vertebrae, will show 
that toward the close of the third month the center of the kidney lies about 
opposite the second or third lumbar vertebra At term (Fig 366), it has mov cd 
up opposite the first lumbar or even as high as the twelfth thoracic vertebra 
There is, of course, as m all such processes considerable individual variability 
within normal limits 


More striking than the change m st gmental level is the shift of the kidnev s 
out of the pelvic part of the coelom In young embryos the kidneys he retro- 
pcritoneally, bulging into the narrow pelvic cavity caudal to the bifurcation 
of the aorta where it gives rise to the umbilical arteries During the seventh 
week (Fig 349, A, B) the kidneys start to slide forward ov er the ridges formed 
by the umbilical arteries By the ninth week they have cleared this narrowed 
portion of the coelomic chamber and come to he against the dorsolateral body - 
walls above the arterial fork (Figs 349, G, D, 364) In this part of their ascent 
they are rotated about a quarter turn so that their convex borders, ongmalK 
directed dorsally, become directed laterally After this their changes in posi- 
tion are slower They move cephalad about two more segments (cf Figs 365 
366) and settle more deeply into the subpentotieal fat and connectiv e tissue on 
the muer side oC the dovsal bodt-Mall (F,g 349. D), graduallj reaching their 
characteristic adult position (f4 349, E) 
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Developmental Abnormalities of the Kidneys As mjglit be expected 
from their cmbryological history, developmental defects of the kidney may be 
of a number of quite different types Very rarely n kidney may entirely fail 
to develop Less uncommon than such complete agenesis js the slunt- 

tng of a kidney on one side or the other (Fig 350, D) 
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Fio 349 Diagrams shoNMng changes m position of kidney dunng develop- 
ment (Redrawn from Kelly and Bumam “Diseases of Kidneys, Ureters, and 
Bladder,” courtesy, D Applcton-Century Co ) A-C, Frontal vie\vs showing 
ascent of kidneys out of pelvis Kotc their rotation, occurring chiefly as they nse 
above the common ihac artcncs D, Schematic composite diagram showing 
rotation, of kidney as seen in a cross section of the body E> Location of kidney 
as seen in a cross-section of the adult body at lumbar level 

There is a whole group of abnormahfw of position which result from dis- 
turbances in the migration of the kidney One of the kidneys mav fail to ascend 
over the common ihac artery and remain lodged in the pelvis (Fig 350, A) 
In the early part of their development, possibly as the two kidneys are crowded 
close together m passing the arterial fork, they may become fused to each other 
and so remain as they continue their ascent Because of the resultant character- 
istic shape, such a condition is known as a **hoTseshoe kidney (Fig 350, B) 
Very rarely indetd in their ascent both kidneys may be thrown over to 
the same side of the mid-Ime and fuse to form a large, irregular, unilateral 
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renal mass (Fig 350, C) Obviously abnormal conditions of the foregoing types 
arrofriotis functmnal import in proportion to the amount by uhich normal 
kidney tissue is reduced, or the blood supply to the dystopic kidney is dis- 
turbed All of them aie of clinical interest because of the com^ications their 
presence may introduce into problenas in physical diagnosis 3\Tien surgery of 



/ 



Fic 350 Four types of developmental disturbances of kidneys, sketched 
from museum preparations A, C, and D m the University of Michigan Ana- 
tomical Coll , B m the Dupuy tren Museum, Pans A, Unilateral pelv ic kidney 
B, Horseshoe kidney C, Dystopic left kidney fused to right kidney D, Nearly 
complete agenesis of left kidney 


the region involved must be undertaken, the importance of a knowledge of the 
developmental disturbances which may be encountered is too self-evident to 
call for comment 

A curious anomaly of rather surprising frequency is the formation of a 
double ureter on one or both sides When this occurs there is a tendency for the 
associated nephrogenic mass to be div ided so part of it goes w ith the pelvic end 
of each ureter, giving the appearance of a double kidney (Fig 351) It would 
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be more accurate to speak of sudi eases as having a divided kidney because the 
Uvo masses of renal tissue havcj.bctwccn them, a number of lobes equivalent 
to the norm'll number for a single kidney Another peculiarity of the condition 
IS the fact that the two ureters almost always cross each other as they ascend 
A plausible cmbryological explanation for the constancy of this crossing is given 
in the hypothetical stages depicted in Fig 352, after Kelly and Burnam In the 
early st'igcs it is assumed that the two ureters were uncrossed (Fig 352, A, B) 
The crqjsjng is supposed to be initiated bcc'iusc the more caudal of the two 
urctlTs^c) comes to open independently into the cloaca somewhat sooner than 
does the cephalic member of the pair Thus, for a time, the originally more 



Fic 351 Case of double left ureter and divided 
kidney in an infant (Sketched from autopsy 176,556, 
Path Anat Inst , Vienna ) 


cephahely located ureter (b) has its bladder end anchored to the mesonephric 
duct and is held back, while the bladder end of the other ureter (c) is free to 
slip cephalad past the opening of the mesonephric duct, as the kidney tissue 
with which It is associated moves cephalad Whether it is substantiated by 
future work or not, this perhaps oversimplified explanation of the way double 
ureters come to be crossed is sufficiendy logical to help one remember both 
the cmbryological processes involved and the peculiar complex of conditions 
presented by this anomaly 

A renal anomaly of very serious import results sometimes when there is 
failure to establish proper union between the straight collecting tubules and 
the independently arising uriniferous tubules (See Fig 343, A, B ) Under such 
circumstances the blind tubules contmue to develop, forming glomeruli which 
even begin to function Accumulation of urine within such tubules soon con- 
verts them into tense, fluid-filled vesicles The internal pressure causes the epi- 
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thehal cells to thin out and degenerate, and at the same time caus yp 
trophy of the surrounding connective tissue Each blind tubule thus becom 
fluid-filled cyst If the process occurs m large numbers of tubules, esen the 
intervening uninvolved tubules are so compressed bctiveen adjacent cjsts tha 
they can not develop or function normally The condition is known as roii- 
,emtal pohnshc hdney If the kidneys are evtensivcly involved, such a condition 
IS incompatible w ith postnatal sun, ival « hen the placenta can no longer carry 
on the major part of the excretory funct.ons for the growing individua^l 
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Fig 352 Schematic diagnms showing probable nature of the critical 
developmental steps involved in formation of double ureters (Redrawn from 
Kelly and Bumam “Diseases of the Kidneys, Ureters, and Bladder,” courtesy, 
D Appleton-Centur> Co ) 


Formation of Bladder and Early Changes in Cloacal Region In 
dealing with the development of the extra-embryonic membranes, vve have 
already taken up the formation of the allantois as an evagmation from the 
primitive hmdgut (Figs 70, 78) Shortly after this occurs, the gut caudal to 
the point of origin of the allantois becomes enlarged to form the cloaca When 
the cloacal dilation first appears, the hmdgut still ends blindly, but there is an 
ectodermal depression under the root of the tail which sinks in toward the gut 
until the tissue separating the gut from the outside is very thin (Fig 353) 
This ectodermal depression is known as the proclodaeum and the thin plate of 
tissue still closing the hmdgut is called the cloacal membrane Eventually the 
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be more accurate to speak of such eases as having a divided Kidney because the 
two masses of renal tissue havcjjjctwccn llicm, a number of lobes equivalent 
to the normal number for a single kidney Anotlicr peculiarity of the condition 
IS the fact that the two ureters almost always cross each other as they ascend 
A plausible embr)o!ogical explanation for thcconstanc) of tins crossing is given 
m the hypothetical stages depicted in Tig 352, after Kelly andBurnam In the 
early stages U is assumed that the two ureters \Ncrc uncrossed (Fig 352, A, B) 
The crqjs^ng is supposed to be initialed because the more caudal of the two 
ureters ^c) comes to open independently into the cloaca somewhat sooner than 
does the cephalic member of llic pair Thus, for a time, the originally more 



Fig 351 Case of double left ureter and divided 
kidney in an infant (Sketched from autopsy 176,556, 
Path Anat Inst , Vienna ) 


cephahely located ureter (b) has its bladder end anchored to the mesonephric 
duct and is held back, while the bladder end of the other ureter (c) is free to 
slip cephalad past the opening of the mesonephric duct, as the kidney tissue 
with which it is associated moves cephalad Whether it is substantiated by 
future work or not, this perhaps oversimplified explanation of the way double 
ureters come to be crossed is sufficiently logical to help one remember both 
the embryological processes involved and the peculiar complex of conditions 
presented by this anomaly 

A renal anomaly of very serious import results sometimes when there is 
failure to establish proper union between the straight collecting tubules and 
the independently arising urimferous tubules (See Fig 343, A, B ) Under such 
circumstances the blind tubules contmue to develop, forming glomeruli which 
even begin to function Accumulation of urme within such tubules soon con- 
verts them mto tense, fluid-filled vesicles The internal pressure causes the epi- 
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353-355 ) The point of entrance of the mesonephric ducts, however, affords a 
landmark which is sufficiently accurate for all practical purposes Before dm 
urorectal fold has changed the relations, the mesoneptac ducts open from 
either side into the cephalic part of the cloaca (Fig 353) After the 
fold has divided the cloaca, the mesonephne ducts appear to empty into the 
allantois (Fig 354) This gives us our bearings, for the mesonephric ducts are 
actuallv opening into the newly established urogenital sinus which is con- 
tinuous with the allantois Meanwhile, the provimal part of the augmented 
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Fig 354 Schematic ventrolateral mcv . of urogenital system of human 
embryo of 12 to 14 mm (about six weeks) (Redrawn from Kellj and Bumam 
“DiseasesofKidne>s, Ureters, and Bladder,” courtesy, D Appleton-Centur> Co ) 

allantois has become greatly dilated and may now quite properly be called 
the unnarj> bladder We should remember, however, that a considerable portion 
of the bladder has been formed from tissue which ^vas originally part of the 
cloaca During the third month the splanchnic mesoderm of the bladder wall 
begins to be differentiated into interlacing bands of smooth muscle and an 
outer covering of fibrous connective tissue By the fourth month the layers 
characteristic of the adult organ are clearly recognizable 

To\vard the umbilicus the allantoic stalk becomes reduced to form the 

machm (Cf Fig 354 with 364, 365 ) In the latter part of fetallife the urachal 

lumen ordinarily closes, leaving an epithelioid cord surrounded bv dense 
hbrous tissue extending from the apex of the bladder to the umbilicus Post- 
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cloaca! membrane ruptures, establishing a caudal outlet to the gut This 
rupture is similar to the rupture of the oral plate \\h\ch at an earlier stage of 
development establishes communication between the stomodacum and the 
cephalic end of the primitive gut 

While the cloaca is thus acquiring an external outlet, important changes 
are taking place internally The cloaca begins to be divided into Uso parts, a 
dorsal part which forms the rectum and a ventral part known as the urogemlal 
sinus This division is cfTectcd by the growth of the urorectal fold, a crescentic 
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Fig 353 Schematic ventrolateral view of urogenital system of human 
embryo between 4 and 6 mm (fifth week) (Redrawn from Kelly and Bumam 
“Diseases of Kidneys, Ureters, and Bladder,” courtesy, D Applcton-Century Co ) 

fold which cuts into the cephalic part of the cloaca where the allantois and the 
gut meet and grows thence caudad toward the cloacal membranes The t^vo 
limbs of the fold bulge into the lumen of the cloaca from cither side (Fig 353) 
As the fold cuts progressively deeper into the cloaca, a wedge-shaped mass of 
mesenchyme follows into the epithelial fold, thus forming a robust septum 
between the urogenital sinus and the rectum (Fig 354) The separation of the 
cloaca IS complete before the cloacal membrane ruptures and its two parts, 
therefore, open independently (Fig 355) The opemng of the rectum is the 
anus and that of the urogenital sinus is the ostium urogenitale. 

The progress of the urorectal fold toivard the cloaca! membrane makes it 
difficult to keep track of the original limits of the allantois since as the uro- 
genital sinus IS lengthened it is, in effect, added on to the allantois (Cf Figs 
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353-355 ) The point of entrance of the mesonephric ducts, however affords a 
Lndmark which is sufficiendy accurate for all practical purposes 
urorectal fold has changed the relations, the mesoneptac ducts open froin 
either side into the cephalic part of the cloaca (Fig 353) After the ” 0 '-ec‘a 
fold has divided the cloaca, the mesonephric ducts appear to empty into the 
allantois (Fig 354) This gives us our hearings, for the mesonephric ducts ar 
actually opening m.o the newly established urogenital sinus which is con- 
tinuous with the allantois Meanwhile, the proximal part of the augmented 
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Fig 354 Schematic ventrolateral view of urogenital system of human 
embryo of 12 to 14 mm (about six weeks) (Redrawn from Kell> and Bumam 
“DiseasesofKidne^s, Ureters, and Bladder,” courtesy, D Appleton-Century Co ) 

allantois has become greatly dilated and may now quite properly be called 
the urinary bladder We should remember, however, that a considerable portion 
of the bladder has been formed from tissue which was originally part of the 
cloaca During the third month the splanchnic mesoderm of the bladder wall 
begins to be differentiated into interlacing bands of smooth muscle and an 
outer covering of fibrous connective tissue By the fourth month the layers 
characteristic of the adult organ are clearly recognizable 

Toward the umbilicus the allantoic stalk becomes reduced to form the 
urachus (Cf Fig 354 with 364, 365 ) In the latter part of fetal life the urachal 
lumen ordinarily closes, leaving an epithelioid cord surrounded by dense 
hbrous tissue extending from the apex of the bladder to the umbilicus Post- 
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natally the urachus is lengthened as the fundus of tlic bladder descends, and 
It IS then known as the middle umhtUeal bgammi (Tiic paired lateral umbilical 
ligaments arc formed from the postnatally dosed portions of the umbilical, or 
allantoic, arteries ) 

In the growth of the bladder the terminal portion of the mesonephric duct 
IS absorbed into the bladder wall Tins absorption progresses until the meso- 
nephric duct caudal to the point of origin of the mctancphric div crticulum has 
disappeared The end-result of this process is that the mesonephric and meta- 
nephne ducts open independently into the urogenital sinus The rretanephne 
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tioning of the cloaca bv the time the cloacal membrane ruptures so that anal 
and urogenital orifices are independently established Sometimes the part of 
the cloacal membrane occluding the anal outlet fails to break through Such 
a condition may persist through gestation, presenting at birth a case of con- 
genital anal atresia (Fig 356, C) If the closure is limited to the region of the 
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jng from the rectum into the vagina (Fig 356, B) Such eases oUectovaginal 
Jislula present less acute problems because evacuation of the bowels can be 
carried out through the vagina This means that immediate surgical inter- 
vention .IS an emergency measure is unnecessary and tliat operation may be 
undertaken when conditions arc deemed favorable Moreover, a two-stage 
opemtion may be planned if that seems to reduce the surgical risk or promise 
better results In (he male an abnormal outlet for the rectum can !:« estab- 
lished only by w.ay of the bladder and urethra (Fig 356, D) Obviously such 
a Tfctovesnal fistula does not prov'idc .'in adcfjuatc rectal outlet and a prompt 
attempt to remedy the situation surgically is imperative 




Fig 357 Two eases of umbilico unnarv fisiuta (Redrawn from Culten 
‘‘Embryology, Anatomy and Diseases of the Umbilicus,” courtesy, W B 
Saunders Co ) 

Other types of congenital defects involving the bladder result from partial 
persistence of the lumen of the old allantoic stalk TTus may take a form start- 
ing as a local failure to obliterate the lumen Such a small, qjithelially lined 
cavity tends to become fluid-filled, develop a thick connective-tissue capsule 
about Itself, and become a characteristic nonmaiignant cyst A cyst of this type 
may develop entirely without any internal connection with the bladder or 
evternai opening at the umbilicus, or it may be a dilated pocket on the course 
of a very narrow lumen persisting along the entire length of the urachus (Fig 
357, A) Such a persistent allantoic lumen permits leakage of urine from the 
umbilicus and is appropriately known as an umbilico-unnary fistula The sug- 
gestive protuberance at the umbilicus in the case of simple umbtlico-urmary 
fistula uncomplicated bv cyst formation illustrated m Fig 357, B is a rare and 
functionally jnsigmtitant embellishment of the usual conditions 

One of the larer anomalies of the urinary system is exstrophy of the bladder^ 
a condition in which the bladder lies open on Uie ventral body-wall Since this 
defect is usually combined with anomalous development of the sex organs it 
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,eems better to discuss it in the final section of this chapter uh.ch deals with 
abnormalities of the external genitals 

internal reproductive organs 

Indifferent Stage One of the striking things in the development of the 
..productive system^is the condition which at first exists as to sexual differ- 



I lo 358 Schcraatvc diagram showing plan of urogenital system at an carl^ 
stage when it is still sexually undiflFcrentiatcd (Modified from Hertwig ) 


cniiation One might expect that reproductive mechanisms as unlike as those 
of adult males and females would be sharpl) differentiated from one another 
from their earliest appearance Such is not the case Young embryos exhibit 
gonads which at first give no evidence as to whether they are destined to 
develop into testes or ovaries Along with these neuter or indifferent gonads 
theie IS piesent a double set of sexual duet systems The male ducts are not 
developed primarily as reproductive ducts, but are appropriated from the 
regressing mesonephros, some of the mesonephric tubules becoming connected 
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with tlic de\ eloping gonflil nnd die mcsontplinc duct being used aa a discharge 
passage for the sc\ cells (See duels m solid black m Fig 358 ) The female 
(Mullerian) ducts develop mdcpi.ndcml> alongside tlic mesonephric ducts 
and the t\so duct s> stems arc for a time present together (fig 358) If the 
cmbr>o js destined to become a male, the potcntiallj female ducts remam 
rudimentary and the appropriated mesonephric duels and tubules undergo 
further growth and diffcrcntmtion to gne rise to the duel 5)sicm of the testes 
(Hg 361) If the embryo develops into a fcmalcj the ^^uHcrnn ducts form 
the uarmc tubes, uterus, and vagina, and the malt ducts become r«dtmcntar> 



Tto 359 Sections through indifTcrvm gonad of 10 nun hujmn embrio 
(University of Michigan Coli , CH 56 ) A, Projection drawing, X 30, for 
topography B, Projection draining, X 200, of area indicated b> rectangle m A 


(Fig 362) In dealing with the embryology of the reproductive organs, 
therefore, conditions as they exist m the indiffcrctu stage form a common start- 
ing point for the consideration of the later developmental changes in either 
sex 

Ongtn of Gonads From their earliest appearance the gonads are inti- 
mately associated w ith the nephric system \Vhile the mcsonepliros is stUI the 
dominant excretory organ, the gonads arise as ndgeld c thickenings (gonadial 
ridges, germinal ndges) on Us ventral border (Fig 350) Histologically the 
gonadial ridge consists essentially of a zone of closely packed cells covered by 
mesothchum The mesothchal coat of the developing gonad is directly con- 
tinuous with the mesoihehum co\ering the mesonephros— is, in fact, merely 
a part of it stretched over theyoung^nad It soon, however, begins to show 
characteristics which differentiate jt from the adjacent mesothchum It grows 
markedly thicker, and its cells round out and increase m size Some of the 
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cells in the germinal epithelium as this modified layer of mesothelmm is now 
termed, become conspicuously larger than their neighbors and push beneath 
the surface (Fig 359) These large cells arc the primordial germ cells of the 
gonad Considerable evidence has been adduced of late that these primordial 
germ cells do not arise in situ b> the differentiation of mcsothelial cells It is 
maintained that they can be identified elsewhere in the body before they 
appear in the germinal epithelium, and that they migrate from their place of 
origin (yolk-sac entoderm. Fig 6) to setdc down in the gonads and there rear 
their families Whatever their earlier history may be, they are clearly recog- 
nizable in the germinal epithelium and its extensions into the deeper parts of 
the gonads in embrvos of the sutth week 



Fig 360 Sections through indifferent gonad of 1 3-mm (5ix-\Ncek) human 
embryo (Camegie Coll , 84t ) A, Projection drawing, X 25, for topograph\ 
B, Projection draw mg, X 200, of area indicated b> rectangle m A 


Whether the gonad is to develop into a testis or an ovary the cells of the 
germinal epithelium at first grow into the underlying mesenchjTne and form 
cordhke masses (Iig 360) If the cmbr>o is to be a male, these cords become 
increasingly sharply delimited and arc eventually differentiated into the 
seminiferous tubules (Figs 369-371) In case the gonad 'develops into an 
ovary, the primordial cdl cords tend to break up mto_ceII clusters which 
become differentiated into primordial ovarian follicles (Figs 373-375) The 
divergent differentiation of the gonads m the two sexes will be discussed later 
in this chapter 

Sexual Duct System in the Male The ducts which in the male convey 
the spermatozoa away from the testis (except for the urethra) are as we have 
seen, appropriated from the mesontphros-a developmental opportunism 
facilitated by the proximity of the growing testes to the degenerating meso- 
neptoos (Figs 361, 368) The mesonephric structures which are taken over 
by the testes are shoivn schematically m Figs 358 and 361 
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Epididymis Some of tlic mcsoiicpliric (iibiilcs winch lit especially close 
to the testes arc retained as the rprml ducUiUs (Fig 5) They, together with 
that part of the mesonephric dtiet into which they empty (duclus tpidtd}mtdis), 
constitute the epididymis (Fig 361) Cephalic to the tubules which arc 



converted into efferent ductules a few mesonephric tubules sometimes persist 
m vestigial form as the ^'appendix of the epididymis ” Caudal to the efferent 
ductules a cluster of mesonephric tubules almost invariably persists m rudi- 
mentary form as the paradidymis 

Ductus Deferens, Seminal Vesicle, and Ejaculatory Duct Caudal 
to the epididymis the mesonephric duct receives a thick investment of smooth 
muscle and becomes the ductus (vas) deferens A short distance before the 
vasa deferentia enter the urethral part of the urogenital sinus, local dilations 
appear in them which become elaborately sacculated and form the seminal 
vesicles (Figs 5, 383, 384) The short part of the mesonephric duct between 
the seminal vesicles and the urethra constitutes the ejaculatory duct From 
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this point on the spermatozoa Uaverse the urethra, nhich thus serves as a 
eommon passageway to the exterior for both the sexual cells and the urine 
Female Duct System The Mullerian ducts first appear in the latter part 
of the second month close beside the mesonephric ducts They' are the pri- 
mordial structures in the female from which the uterine tubes, uterus, and 
\agina arise It is thought possible by some investigators that phylogcnetically 



I lo 362 Schematic dia£;rani showing plan of developing female reproduciivi 
system (Modified from Hertwig ) 

the MuUcrian ducts were split off from the mesonephric ducts However this 
may be, ontogeneticaily in the mammals there is no recapitulation of any 
such process and the Mullerian ducts seem to arise independently by a process 
of infolding and then closing off of a grooie in the coelomtc misothehum 
parallel to the mesonephric duct The mesonephric ducts become well 
del eloped earlier than the Mullerian ducts and it is very easy to overlook 
the Mullerian ducts altogether in young specimens By the time embryos 
have reached 20 to 25 mm in length, however, it is possible to locate them 
readilv m sections or, with care, by dissection 
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Where the fused distal ends of the Mullerian ducts make contact with the 
urogenital sinus, their potential lumen is packed solidly full of epitlielial cells 
of the ty^DC which line the lumen higher up where it is not thus occluded 
Meeting and merging with this cord of Mlillcrian duct cells (solid black m 
Fig 363, C) arc cells (hatched area in Tig 363, C) grov'ing tack from the 



epithelial lining of the urogenital sinus The projection of this combined cell 
mass into the lumen of the urogenital sinus is known as the Mullerian luhercle 
It IS conspicuous only in the early stages of development before the solid 
cell mass of which it is composed opens up to connect the lumen of the upper 
part of the vagina with the urogenital smus 

^ Vagina In the formation of the distal portion of the vaginal lumen there 
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seems to be a tendency for the epithelial cells of urogenital sinus origin to 
proliferate very rapidly and to push in, replacing the epithelial cells in the 
lower part of the fused Mullerian ducts How far this epithelial mva^on 
extends into the lower part of the vagina is still a matter of controversy The 
suppled loucr part of the vagina m Fig 362 is .mended merely to indicate 
the probability that epithelium spreads upward from the urogenital sinus for 
a wa\ into the vagina, without any pretense of trying to indicate its precise 
limits This uncertainty as to the epithelial lining should not be misconstrued 
to applv to the walls of the Mullerian ducts Regardless of the secondarily 



Fig 364 Scmischematic drawing showing female reproductive organs at 
end of ninth week of development (Modified from Kelly andBumam “Diseases 
of Kidneys, Ureters, and Bladder,” courtesy, D Appleton-Century Co ) 


changed point of epithelial transition, the Mullerian ducts should be thought 
of as meeting the urogenital sinus at the Mullerian tubercle Where this 
tubercle later opens up to establish the vaginal orifice is clearly marked by 
the hymen (Fig 366) As we shall sec when the development of tht external 
genitals is considered, the originally deep and narrow urogenital sinus (Fig 
364) becomes w ider and less deep to form the so-called vestibule This change 
brings the vaginal orifice into its definitive position much nearer the surface 
than It was m younger stages (Cf Figs 364— 366 and Fig 4) 

Uterus In some of the primitive mammals fusion of the Mullerian ducts 
does not progress cephalad beyond the vagina Such animals have paired 
uteri formed b> enlargements of portions of the Mullerian ducts immediately 
cephalic to their entrance into the vagina In all the higher mammals, fusion 
of the Mullerian ducts involves the caudal end of the uterus so that it opens 
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Where the fused distal ends of the Mullerian ducts make contact with the 
urogenital sinus, their potential lumen is packed solidly full of epithelial cells 
of the type which line the lumen higher up where it is not thus occluded 
Meeting and merging with this cord of Mullerian duct cells (solid black m 
Fig 363, C) arc cells (hatched area m Fig 363, C) growing hack from the 




Fig 363 Fusion of Mullenan ducts to form uterus and vagina (Redraivn 
after Koff, Carnegie Cont to Emb , Vol 24, 1933 ) A, 23 mm B, 25 mm 
C, 32 9 mm D, 48 mm E, 63 mm F, 69 mm 


epithelial lining of the urogenital sinus The projection of this combmed cell 
mass into the lumen of the urogenital sinus is known as the Mullerian tubercle 
It is conspicuous only m the early stages of de\elopment before the solid 
cell mass of which it is composed opens up to connect the lumen of the upper 
part of the vagina with the urogenital sinus 

Vagina In the formation of the distal portion of the vaginal lumen there 
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into tlic vigina jn tlic form of an unpaired neck or cervix Above the cervix 
there IS great variation m the degree of fusion encountered in the different 
groups In most animals which bear many young in a litter the fusion is 
earned only a sliort wa> beyond the cervLX to form what is called a bicomatc 
uterus In most of the primates including man, the AfQlIcrian ducts arc 
fused with each other tliroughout the levels incorporated m the uterus This 
results in the formation of what is called a simplex type of uterus (cf Figs 
363 and 3) 


Oiaphrogmalic Ligament 



Fig 365 Female reproductive organs at end of twelfth week of development 

(\fodified from Kelly and Bumam ‘‘Diseases of Kidneys, Ureters, and BHd 
der,” courtesy, D Appleton Century Co) 

Although it IS early established as a median pnmordium, the uterus 
attains its characteristic configuration only gradually At first there is no 
obvious line of demarcation between the portion of the fused Mullerian ducts 
destined to form the uterus, and that which will give rise to the upper part 
of the vagina (Figs 363, C, 364) Jn the latter part of the third month the’, 
uterine region begins to be set off by the more robust character of its walls 
and the beginning of the formation of vaginal fornices adjacent to the cervical 
non of the uterus During the fourth month the muscular and connective- 
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tissue coats of the uterus begin lo be suggested by the arrangement of the 
mcsenehyrnal concentrations Toward the dose of the sixth month the cpi- 
ihelium lining the uterus begins to send the primordial buds for the uterine 
glands into the underlying connective tissue By term the glands arc well 
molded but they remain relatively small and inactive until the time of 
puberty The uterus at the time of birth has its cervical region quite charac- 
teristically formed Its fundic portion, m contrast with the cervical portion, 
IS strikingly small In comparison with the adult uterus, the uterus of a fetus 
at term occupies a much more nearly vertical position in the body (cf Figs 
366 and 4) 

The growth of the fetal uterus during the last trimester of pregnancy is 
exceedingly rapid, presumably under tlic influence of the maternal hormones 
entering the fetal blood stream m the placenta Not infrcqucntlj the uterine 
mucosa of newborn infants shows a congestion suggestne of premenstrual 
changes m an adult uterus, a condition which clcnrlj implies responsn cncss 
to maternal sex hormones Tlic fact that in the first few postnatal months the 
uterus actually decreases in si7c would seem lo be a result of the withdrawal 
of this maternal hormonal sUmulaiion 

Uterine Tubes The part of the Mullerian duct between the uterus and 
the ovary on either side remains slender and forms the uterine (Fallopian) 
tube Near its cephalic end, but not usually at the extreme tip, a more or less 
funnel-shaped opening develops (ostium tubac abdominalc) In different 
forms the detailed configuration of the tubal ostium and its relation to the 
ovary are quite variable In the sow, for example, there is a pouchlike dilation 
which almost completely invests the ovary, in the human female there is an 
elaborately fringed, funnel-shaped ostium which opens m the general direc- 
tion of the ovary (Figs 3, 4) Whatever the morphological eccentricities of the 
ostium may be, they apparently make less difference m its efficiency in picking 
up the discharged ovum than one might suppose Even m man, where the 
relation of the tubal ostium to the ovary is least intimate, abdominal preg- 
nancies resulting from the fertilization of an ovum which the ostium failed 
to catch and start on Us way to the uterus arc tomparatively uncommon 

As was the case with the uterus, the muscular and connective-tissue layers 
of the uterine tubes begin to be sketched m mesenchymal concentrations 
during the third month By midpregnancy their characteristic arrangement 
can be clearly madt out The striking differentiation of the ampullar portions 
of the tube with its lumen broken up by complex folds (plicae, Fig 3) occurs 
mostly in the last third of gestation 

Abnormalities of Uterus and Vagina The more common abnormalities 
of the uterus and vagina are the n suit of variations m the extent or manner 
of fusion of the Mullerian ducts during their early development Almost any 
degree of duplicity may be found and abnormal human uteri could be 
arranged in a series which would closely parallel the organ’s evolutionary 
changes Various degrees of parUtiomng of the fundus are among the more 
frequently encountered abnormalities (uterus subseptus umcoUis — Fig 367, A, 
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rare is a completely paired uterus uith each member of the pair having its 
own cervLX opening into the corresponding member of paired vaginae {ulerus 
didelphys with double tagina — Fig 367» G) 

In addition to the foregoing types which follow the variations which one 
would expect to occur m the manner and extent of the fusion of originally 
paired primordia, there arc other disturbances in which the departure from 
the normal developmental pattern has been along less predictable lines 
There may, for instance, be a failure of the cervical portion of the uterus to 
develop (atresia of the cenix) so that a slender strand of tissue, completely 
without a lumen, is all that connects the fundus of tlie uterus with the vagina 
(Fig 367, D) A similar local atrophy occurring m one horn of a bicornate 
uterus may leave part of the horn m qucstiorT completely cut off from the 



Fic 369 Testis of sime 25-mni embryo from which Fig 368 was made 

A, Topographlc^I dn\Mng through testis nnd regressing mesonephros (X 50} 

B, Small area of testis, from place indicated in A (projection drawing X 200) 


rest of the uterus (Fig 367, H) Jf this type of regressive process involves the 
uterine horns where the uterine tubes enter, atresia of a uterine tubt may result 
If such a condition is bilateral it, of course, results in sterility Local atrophy 
may affect the vagina as well as the uterus, or the lower part of the vagina 
may fail to acquire a lumen and remain as a solid cord Such atresia of the 
lagina seems more likely to occur m cases where there has been a profound 
general disturbance of sexual development as m some of the hermaphroditic 
or pseudohermaphroditic individuals The conditions here mentioned by no 
means cover all the known anomalies of the uterus and vagina but they have 
been selected to indicate the range and type of disturbances which are most 
likely to be encountered 


Histogenesis of Gonads The establishing of the gonads on the ventro- 
medial borders of the mesonephroi and their structure tn the early indifferent 
stages has already been discussed (Tigs 6, 359) It is now pertinent to give 
attenuon to the later histological changes by which such indifferent gonads 
graduiHy become differentiated into testes or ovaries 
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of large epithelioid cells « Inch are knotvn as interstitial cells As a matter of fact 
these peculiar cells are relatn el> more conspicuous at this early stage than 
they are postnatally — a somenhat startling situation in vieu of their sus- 
pected function of producing a male sex hormone 

By the middle of pregnancy the general architecture of the testis is we 
established The original testis cords hat c each split into three or four daughter 
cords which may now properly be called seminiferous tubules These tubules 
tend to be m the form of loops, with the limbs of the loop uniting m a slender 



Fig 371 Testis of 20-t\cek human embr>o (Uni\ersit> of Michigan Coll , 
EH 31, C-R, 180 mm ) A, Topographical projection dratving, X 10 B, Small 
area of testis, from place indicated in A, projection drawing, X 150 (Cf dis- 
section drawn in Fig 377, A ) 

straight portion (iubulus rectus) discharging into the rete (Fig 5, B) The 
tubules deriv cd from a single testis cord are quite sharply set apart from similar 
neighboring groups by connective-tissue septa which divide the organ into 
compartments (Fig 371, A) The young seminiferous tubules at this stage 
show no lumen, being composed of solid cords of potential germ cells Among 
them are occasional cells which are definitely larger than their fellows, and 
which have a clear cytoplasm making them stand out strikingly m micro- 
scopical sections (Fig 371, B) These large cells probably should be regarded 
as potential germ cells which hare started to differentiate precociously They 
seem to undergo degeneration without eter becoming invoKed in the forma- 
tion of spermatozoa The definitive spermatogonia apparently arise much 
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Testi«> If an individual is destined to become a male, the cords of potential 
sex cells which were but vaguely defined in the gonads of the indifferent 
stage (Fig 360) become much more sharply delimited from the inicixcnmg 
embryonic connective tissue (Fig 369) They may now properly be called 
lesUs cords At the same time there is developed directly beneath the germinal 
epithelium a conspicuous 7onc of young connective tissue This is the start 
of a layer which in the adult is called the tunica albuginea (Latin, albus = 
white) because it is composed of such densely interwoven white fibrous con- 
nective tissue Tiic developing ovary sliows a much Ic*s conspicuous layer of 
connective tissue in the corresponding 7onc under its germinal epithelium 
(cf Figs 369, 373) 



Fia 370 Testis of a 14-%vcck human embryo (University of Michigan Coll , 
EH 145, L, C R, 104 mm ) A, Topographical dnumg, X 20 B, Small area of 
testis from place indicated in A, projection draivmg, X 150 


By the f ourth m onth of development (Fig 370) the testis has lost the 
original elongated, more or less spindle-shaped, configuration characteristic 
of the early gonad and become more rounded and compact At the same time 
its original broad attachment to the mesonephros is reduced to a mesentery- 
hke attachment known as the tnesorchmm Internally the testis cords have 
become sharply circumscribed b\ connective tissue In the associated meso- 
nephros only the duct, and the tubules at the level ivhere they v' ill be utilized 
m the formation of the epididymis, persist without extensive regressive 
changes Already a marked mesenchymal concentration about the meso- 
nephric duct foreshadows the heavy investment of smooth muscle which is 
indicative of its conversion into the ductus deferens Adjacent to the depression 
(hilum) where the epididymis is attached to the testis, embedded in the 
connective tissue between the seminiferous tubules and the efferi nt ductules, 
are delicate-branching and anastomosing cords of cells which form the 
nrimordium of the meshwork of slender ducts, which will constitute the adult 
rete testis In the connective tissue between testis cords are conspicuous masses 
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of large epithelioid cells tsliich ate known as mUtstUiat cells As a matter of fact 
these peculiar cells are relatively more conspicuous at this earl) stage than 
they are postnatally— a somewhat startling situation m view of their sus- 
pected function of producing a male sex hormone 

B) the middle of pregnancy the general architecture of the testis is well 
established 1 he original testis cords hai c each split into three or four daughter 
cords wliirh may now properly be called semini/rroiis lubules These tubules 
tend to be in the form of loops, with the limbs of the loop uniting in a slender 



Fio 371 Testis of 20-\veek human embr>o (Uni\ersit> of Michigan Coll , 
EH 31, C-R, 180 mm ) A, Topographical projection drawing, X 10 B, Small 
area of testis, from place indicated m A, projection drawing, X 150 (Cf dis- 
section drawn in Fig 377, A ) 

straight portion (tubulus reclus) discharging into the rete (Fig 5, B) The 
tubules deriv ed from a single testis cord are quilt sharply set apart from similar 
neighboring groups b> connectivc-Ussue septa which divide the organ into 
compartments (Fig 371, A) The young seminiferous tubules at this stage 
show no lumen, being composed of solid cords of potential germ cells Among 
them arc occasional cells which are definitely larger than their fellows and 
which have a clear cytoplasm making them stand out strikingly in micro- 
scopical sections (Fig 371, B) These large cells probably should be regarded 
as potential germ cells which have started to differentiate precociously They 
seem to undergo degeneration without eier becoming invohcd in the forma 
lion of spermatozoa The definitive spermatogonia apparently arise much 
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Testis If an individual is destined to become a male, the cords of potential 
sex cells which were but vaguely defined m the gonads of the indilTerent 
stage (Fig 360) become much more sharply delimited from the intervening 
embryonic connective tissue (Fig 369) Tlicy may now properly be called 
testis cords At the same time there is developed directly beneath the germinal 
epithelium a conspicuous 7onc of young connective tissue This is the start 
of a layer which m the adult is called the tunica albuginea (Latin, albus - 
white) because it is composed of such densely interwoven white fibrous con- 
nective tissue The developing ovary shows a much le«s conspicuous layer of 
connective tissue in the corresponding /one under its germinal epithelium 
(cf Figs 369, 373) 


Secroniftfrous Tubule 


Interstitial Cells 



Fie 370 Testis of a 14-\\cck human embryo (University of Michigan Coll , 
EH 145, L, C-R, 104 mm ) A, Topognphical drawing, X 20 B, Small area of 
testis from place indicated in A, projection drawing, X 150 


By the fourth month of development (Fig 370) the testis has lost the 
original elongated, more or less spindle-shaped, configuration characteristic 
of the early gonad and become more rounded and compact At the same time 
Its original broad attachment to the mesonephros is reduced to a mesentery- 
hke attachment known as the mesorchium Internally the testis cords have 
become sharply circumscribed by connective tissue In the associated meso- 
nephros only the duct, and the tubules at the level where they will be utilized 
m the formation of the epididymis, persist without extensive regressive 
changes Already a marked mesenchymal concentration about the meso- 
nephric duct foreshadows the heavy investment of smooth muscle which is 
indicative of its conversion into the ductus deferens Adjacent to the depression 
(hilum) where the epididymis is attached to the testis, embedded m the 
connective tissue between the seminiferous tubules and the efferent ductules, 
are delicate-bEanch:ng_and anastomosmg cords of cells which form the 
primordium of the ireshwork of slender ducts, which will constitute the adult 
reie testis In the connective tissue between t«tis cords are conspicuous masses 
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larger than their neighbori (Fig 374, B) and become surrounded b) smaller 
cells to form ^rime^tettaa/odir/rr (Fig 375, B) Bv term these os anan follicles 

are quite iiell del eloped (Fig 375, C) resembling dosel> the structure of the 
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Fio 373 Enlarired \icus of o\ar> of 33-niin ejnbr>o shown m Fig 372 
A, Projection drawing, X -*0, for topognph> in ovarian region B, Projection 
drawing, X 200, of part of ovar> indicated bv rectangle m A 



^ It-wcek human embr>o (Universiu of Michiean 

^11, EH 173, C-R, 65 mm) A, Projection drawing, X 30, for lopographN 
B, Projection drawing, X 200, of part of ovary indicated by rectangle in A 

younger follicles m an adult ovary Quite often they will even progress to the 
point of forming a small antrum This is doubtless the result of their response 
to maternal gonad-stimulating hormones reaching the fetus by way of the 
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later from the cclU in the cord which remain undifTercntntcd.Mntil puberty 
approacites Lxeept for llic more regular radial arrangement of the cells of 
tlic seminiferous tubules and the appearance during die seventh month of 
the suggestion of a central lumen, there is little further change in the semi- 
niferous tubules during intra-utcnnc life During childliood the testis grous 
slowly in si7c but there is little change m the histological dificrcniiation of the 
tubules until puberty approaches I he characteristic adult structure is then 



F;o 372 riiotoiiijcrograph (X 10} of parasagittal section of human embryo 
of ninth week pissinsj through ovary and uterine tube (University of Michigan 
Coll , EH 22, C-R, 33 mm ) 


rapidly attained Conditions m the sexually mature testis have already been 
discussed m the section on gametogenesis (Chapter 2) 

Ovary If an embryo is destined to develop into a female the earliest 
characteristic changes m the gonad arc quite divergent from the differentia- 
tion in the male just discussed In the young ovary there is a much less con- 
spicuous zone of connective tissue beneath the germinal epithelium than that 
appearing m the corresponding location m the testis as the pnmordium of the 
tunica albuginea (cf Figs 369, 373) Instead of becoming more definite, the 
eonadial cords in the ovary become less distinct and the potential germ cells 
arc scattered^ mesenchymal stroma Some of these cells grow to be 
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Topographically the ovary gradually differentiates a cortical rone periph 
cralU and a medullary area extending centrally from its mesotarial 
attachment Into the medullary area radiate the tessels and nerves entering 
the ovarv from the broad ligament Lying partly m the medulla of the ovary 
and partly in the broad ligament and the mcsovanum arferudimentary.celL 
cords which constitute the so-called oiariiitirdr (hig 375, \) They are homol- 
ogous with the similarly located cellular strands m the testis which open out 
and become functional sperm ducts The ovarian rete early undergoes 
regressive changes and normally haves little or no vestige in the adult ovary 
The cortex of the ovarv is relatively more dense than the medulla, being 
closely packed with primordial ovarian follicles 

Later Changes tn Relations of Internal Reproductive Organs Neither 
the testes nor the ov ariev remain located m the body at their place of origin 



Fio 376 Schematic diagrams lUustraimg descent of testu as seen from side 
Abbreiialions d def , ductus deferens, Proc Vag , processus saginahs (the 
diverticulum of the peritoneum pushed into the scrotal sac) 


Before discussing their positional changes it is \s ell to ha\ e clearlj m mind their 
primary relations within the embryonic body The urogenital system as a 
whole arises in the dorsal bod>-wall, cosered by the mesothtlial lining of the 
coelom (Fig 299, C-F) Later when the coelomic mesothelium of the ab- 
dominal region is reinforced b> connective tissue the combined layer is 
known as the peritoneum As to position of origin with reference to the bod> 
cavit>, the urogenital organs ma>, therefore, be briefly characterized as 
retroperitoneal This primary positional relationship is alread> familiar but 
It IS emphasized again here because it is involved m many phases of the 
changes in position and relations undergone by the reproductive organs 
Descent of Testes When the mesonephros begins to grow rapidlv m 
bulk, It bulges out into the coelom, pushing ahead of itself a cov ering of 
peritoneum At either end of the mesonephros the peritoneum is, in this 
process, thrown into folds One of them extends cephalad to the diaphragm 
and is known as the diaphragmaUc ligamenl of the mesonephros (Fig 358) The 
other fold, which extends to the extreme caudal end of the coelom, becomes 
fibrous and is then known as the tnguinal ligament of the mesonephros^ (Figs 358 
361) The inguinal ligament is destined to play an important part m the 
descent of the testes 


‘ The inguinal hgamcm of the mesonephros of the embryo 
ligament (Poupart s ligament) of adult anatomy 


15 in no way related 


the inguinal 
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placental circulation, for the tendency to antrum formation seen m the ovaries 
of female fetu^s at term is absent during childhood, and reappears only as 
puberty approaches It will be recalled that mention has already been made 
of a comparable response to maternal sc\ hormones on the part of the mam 
mary glands and the uterine mucosa of term fetuses 

In all probability the follicles which are so conspicuous in the ovary of the 
newborn infant should be regarded as having developed precociously, and 



Fig 375 Ovary at close of intra-utcnne life A, Projection dra^vlng, X 10, 
of ovary, uterine tube, and broad ligament of an eight month fetus B, Pro- 
jection drawing, X 1 50, of part of ovary indicated by rectangle in A G, Pro- 
jection drawing, X 150, of a similarly located section from ovary of a newborn 
infant 


as being destined for early degeneration The ova tvhich are ripened during 
sexual maturity appear to be formed much later from the germinal epithelium 
or the cell cords derived from it This view is, of course, m conflict %vith the | 
older view that the ova in the ovary at birth are all the individual is destined j 
to produce, and that they simply remain dormant until, with the onset ofj 
puberty, they begin to ripen a few at a time As was pointed out m the sectionjl 
on gametogenesis, this difference of opinion as to the formation of new ova 1 
during sexual maturity is of more than theoretical interest If additional ova 
are differentiated during maturity, the conservation of even small areas of 
germinal epithelium m surgical procedures involving the ovaries may well be 
of more importance than has hitherto been realized 
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In the meantime a coelomic evagination is formed in the inguinal region 
of each side where the caudal end of the ligamcntum testis is attached bach 
of these peritoneally-hned extensions of the coelom is known as a processus m^i- 
rw/i J (Figs 376, 377, A) From the outer, connective-tissue lay er of the processus 
vaginalis a fibrous cord, called the scrotal ligament, extends to the skin of the 
growing scrotum The scrotal ligament is thus m effect a continuation of the 
hgamentum-testis and the two of them together constitute the gubernaculum 
(Fig 377, B) As the processus saginahs is deqiened_the_scrotal ligament 
becomes shortened and broadened and ultimately blends into the general 



Fig 378 Disseciion to show relations of testis in a fetus of ninth month 
(Modified from Coming ) Left testis has been rotated through 90° to expose 
epididymis 


connective-tissue layers of the scrotal wall (cf Figs 377, B, 378) By the time 
the processus vaginalis has attained us full depth the opening from the coelom 
into It has become smaller and its bord ers hav e been reinforced by connective 
tissue to constitute the i nternal inguin al ring The definitive scrotal pouch is 
thus lined internally with the perrtoneum of the processus vaginalis and 
covered externally by skin, and contains m between these two components 
thinned-out muscular and fascial layers conUnuous with those of the belly- 
wall Even m the adult all the layers characteristic of the abdominal wall can 
be traced, in modified form, into the scrotum (Fig 379) 

Comcidently with the formation of the scrotal pouches, the testes and the 
mesonephric structures which are desUned to give rise to the epididymis begin 
to shift their relative position farther caudad (cf Figs 376-378) By the fifth 
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In the meantime a coelom.c ev agination is formed in the 
of each side where the caudal end of the ligamentum testis is attached Each 
of these peritoneallv -lined extensions of the coelom is Known as B_proasms vagi- 
mhs {fZ 376, 3V7 , A) From the outer, connectiv e-tissue layer of the processu 
vagmalfs a fibrous cord, called the saolal bgammt, extends to the skin of t 
growing scrotum The scrotal ligament is thus m effect a continuatmn of the 
Wame^m-testis and the two of them together constitute the guhermcuUm 
(Fig 377, B) As the processus sagmahs is dcepcned__the scrotal ligament 
becomes shortened and broadened and ultimately blends into the genera 
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Fio 378 Disspctjon to show relations of testis m a fetus of ninth month 
(Modified from Coming ) Left testis has been rotated through 90® to expose 
epididymis 

connective-tissue layers of the scrotal wall (cf Figs 377, B, 378) By the time 
the processus vaginalis has attained its full depth the opening from the coelom 
into It has become smaller and its bord ers have be en reinforced b y connective 
tissue to constitute the i nternal inguinal ring The definitive scrotal pouch is 
thus lined internally with tb^ peritoneum of the processus vaginalis and 
covered externally by skin, and contains m between thest two components 
thmned-out muscular and fascial layers continuous with those of the belly- 
wall Even m the adult all the layers characteristic of the abdominal wall can 
be traced, in modified form, into the scrotum (Fig 379) 

Coincidently with the formation of the scrotal pouches, the testes and the 
mesonephric structures which are destined to give rise to the epididymis begin 
to shift their relative position farther caudad (cf Figs 376-378) By the fifth 
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month tlic testes lie dost to the mtcraal inguinal ring (Fig 371) Usuall> it 
IS during the seventh mon tli-that the testes begin to j>ass through the inguinal 
ring, and ordinarily by the eighth month they have come to he m the scrotal 
pouches It would be more direct and vivid to siy that the gubemaculum 
“pulls the testis down ” Although the end-results of their association ma\ 
seem to justify such a phrase, it would not be entirely correct ^Vc would h' 
overlooking the importance of difTcrcntial growth Failure of the gubcmacu 
lum to elongate m proportion to the growth of surrounding pelvic structure 
IS m part responsible for any traction it may evert on the testis 



Fio 379 Diagrams illustrating congenital inguinal hemn (Modified from 
Callander “Surgical Anatom>,”courtes>,W B Saunders Co ) A, Normal adult 
anatomical relations, indicating manner in which abdominal wall strucimes 
are continued to form scrotal pouch, and showang line of closure of processus 
vaginalis (often marked by a fibrous strand called the ligamcntum vaginalis) B, 
Congenital inguinal hernia in which processus vaginalis has remained unclosed 
throughout its entire length C, Congenital inguinal hernia m which processus 
vaginalis has closed for only a short distance just proximal to testis Herniated 
intestine lies adjacent to spermatic cord but can not come into direct contact 
with testis Clinically it is usually spoken of as a hernia of “funicular type ’ 
because of this relation to the spermatic cord 


In Its entire descent, the testis moves caudad beneath the peritoneum It 
does not, therefore, enter the lumen of the scrotal pouch directly but slips 
down under the peritoneal lining and protrudes into the lumen, reflecting a 
peritoneal layer over itself (Fig 376) This layer of reflected peritoneum is 
known anatomically as the visceral layer of the tunica vaginalis proprius 
The remainder of the peritoneal sac which now lines the scrotal cavity is 
known as the parietal layer of the tunica vaginalis proprius (Fig 379, A) 
In most mammals, including man, when the testis has come to rest m the 
scrotal sac the canal connecting the sac with the abdominal cavity becomes 
closed In some of the rodents, however, the inguinal canal remains patent 
and the testes descend into the scrotum only during the breeding season, to be 
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retracted again into the abdominal cavity until the next period of sexual 
activity Even m those forms normally exhibiting complete closure of the 
inguinal canal the obliteration of the opening is not uncommonly incomplete 
or structurally weak as evidenced by the occurrence of inguinal hernias 
(Fig 379) According to Callander’s “Surgical Anatomy,” the processus 
vaginalis is incompletely closed in some 50 per cent of male infants up to a 
month after birth 

Formation of Broad Ligament In the young female embryo, as m the 
male, the mesonephroi and the gonads arise retropcritoneally and bulge into 
the coelom carrying a fold of peritoneum about themsehes (Fig 380, A) 
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Fig 380 Schematic cross-sectional diagrams to sho%v some of the mam steps 
in formation of broad ligament 

The mesonephroi degenerate more completely in the female than m the male 
and their decreasing bulk leaves the peritoneal folds quite thin At this stage 
they more or less resemble a pair of mesenteries suspending the Mullerian 
ducts in their ventral margins and the ovaries on their mesial faces (Fig 380, 
B) With further degeneration of the mesonephros and its replacement b> 
fibrous tissue these folds become the part of the broad ligament supporting 
the uterine tubes 

Farther caudaliy m the body, where the Mullerian ducts fuse with each 
other m the mid-lme to form the uterus (Fig 363), the supporting peritoneal 
folds coalesce medially to form the part of the broad ligament supporting the 
uterus (Fig 380, C, D) There is thus left between the dorsal body-wall and 
the broad ligament a bay of the peritoneal cavity This bay at first extends 
far caudad toward the perineum (Fig 364) As the uterus and vagina grow, 
this bay becomes progressively shallower (cf Figs 364-366) Because of its 



598 


DLVLLOPMLNT 01 TUP UROOLNITAL SVSTLM 


relations it is known in adult anatomy as the ulerorectal pouch (pouch of 
Douglas) Postnatally, as the fundic part of the uterus attains mature propor- 
tions, it inclines ventrad, making the entrance into the utcro-rcctal pouch a 
much wider cone than it is m the newborn (cf Figs 366 and 4) 

As a sequel to the obliteration, during development, of the onginal deep 
portion of the utero-rcctal pouch, there arc sometimes cysthke epithelial rests 
remaining m the tissue between the vagina and the rectum In the male, also, 
there is a similar progressist obliteration of the homologous (rectovesical) 
pouch, and cystic epithelial remains of it may appear m the connective tissue 
between the rectum .and the prostate 

Descent or Ov'aries Although the ovaries move through far less distance 
than the testes, their change in position is quite characteristic and definite 
As they increase in size, both the gonads and the ducts sag farther into the 
Ixjdy cavity In so doing they pull with them the broad ligament which, as 
It is stretched out, allows the ovaries, oviducts, and uterus to move c.iudall>, 
laterally, and somewhat vcnirally (Fig 362) Tlic inguiml ligament of the 
mesonephros, which m the male forms the gubcmaculum, m the female is 
embedded m the broad ligament When the ovaries move caudad and latcrad 
the inguinal ligament is bent into angular form Cephalic to the bend it be- 
comes the round Ugameni of the oiary (Figs 362, 3) and caudal to it, the round 
ligament of the uterus (Figs 362, 364-366, 4) Itshould be noted that the caudal 
end of the round ligament of the uterus is embedded m the connective tissue 
of the labium majus m a position homologous with the anchorage of the 
gubcmaculum in the scrotal pouch of the male (cf Figs 361, 362) Thus the 
changes m position of the female reproductive organs are carried out m a 
manner quite different from those m the male In both sexes the organs arise 
rctropentoneally, but m the male the testes slide along close to the body-wall 
beneath the peritoneum, while m the female the ovaries, oviducts, and uterus 
stretch the peritoneum into a mcsentcry-Iike structure which permits a certain 
latitude of positional change and at tlic same time serves as a supporting 
ligament 

Vestigial Structures in Genital Duct System In the conversion of the 
primordial sex-duct systems to their definitive conditions, some of the parts 
which are not utilized m the formation of functional structures persist m 
vestigial form even in the adult Mention has already been made of the rudi- 
mentary mesonephric tubules which in the male persist as the paradidymis and 
the appendix of the epididymis (Fig 361) Traces of the old Mullerian duct 
system, also, can usually be found in the male Attached to the connective 
tissue investing the testis there is sometimes a wrell-marked, vesicular structure 
called the appendix of the testis (hydatid) which represents the cephalic end of 
the Mullerian duct The Mullerian ducts also leave a vestige at their opposite 
ends in the form of a minute diverticulum (prostatic sinus, or vagina mascultnd) 
which persists where the fused Mullerian ducts originally opened mto the 
urogenital sinus (Fig 361) 

In the female the ostium of the oviduct does not ordinarily develop at the 
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extreme cephalic end of the MuUman duct The tip of the duct is likdi to 
persist in rudimentary form as a stalked vesicle {hydatid) attached to the ov i- 
duct (Figs 3 362) The mesonephric tubuks and ducts ma> remain recog- 
nizable to a variable extent Usually there are embedded in the mesovanum 
a few blind tubules and traces of a duct, corresponding to the part of the 
mesonephric duct and tubules which m the male form the epididymis These 
^estlges are called the epoophoron (Figs 3, 362) Less frequently, the more 
distal portion of the mesonephric duct (the part which in the male forms the 
vas deferens) leaves traces known as the canals of Gartner m the broad ligament 
close to the uterus and the vagina (Fig 380) These rcmaim of the old meso- 
nephric ducts and tubules are more important clinically than one might 
suspect from their inconspicuousness As so frequently happens w ith \ estigial 
Structures, they are likely to become involved m pathological changes In this 
case the most frequent disturbance is m the nature of a cystic enlargement 
Starting with mmute, epithehally-lmed vesicles, rapid accumulation of fluid 
in the lumen may cause great distention of the surrounding tissues which in 
turn increases the irritation and provokes further accumulation of fluid Not 
infrequently cysts starting m this manner attain considerable size and must 
be removed surgically 


EXTERNAL GENITALIA 

The Indifferent Stages Still another thread m the story of the embryology 
of the reproductiv e sy stem w hich has to be picked up separately is the dev elop- 
menl of the external genitals of the two sexes by divergent difTcrentiation 
from a common starting point It will be recalled that in very young embryos 
there is formed m the mid-Ime, )ust cephalic to the proctodaeal depression, a 
vaguely outlined elevation known as the cloacal or genital eminence This 
is soon differentiated into a central prominence, the genital tubercle, which 
will ultimately become differentiated into the penis m the male (Fig 381) or 
into the clitoris in the female (Fig 382) * Along the caudal surface of the 
genital tubercle he the paired genital folds extending toward the proctodaeum 
Between, the genital folds is a longitudinal depression into the caudal ex- 
tremity of which the urogenital sinus opens This opening (ostium urogeni- 
tale) was separated from the anal opening when the urorectal fold subdivided 
the primitive cloaca (Figs 353-355) Farther laterally, on either side of the 
genual folds, are paired vaguely outlined elevations known as the genital 
swellings, which become differentiated into the scrotal folds in the male, or 
into the labia majora in the female 


Many vvnxm ha^ used the term “phallus > for the conical mass of tissue which will become the 
penis or the cl. ons This do« not seem an appropnate term for an indifferent pnmordium which 
may develop >nto cither a male or a female atnicture The term is borrowed from one of the sex cults 
of India m which the m^e sex organ (phaDus) appeared as a prominent symbol No one who has 
read of the imges of phaU.c festivals would assoaate the term phaUus with anything other than an 


onl. .o „h.ch „ ... 
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Male Genitalia If the individual develops into a male, the growth cf tin, 
genital tubercle is especially pronounced as it becomes elongated to form the 
penis On the caudal surface of the penis the genital folds become conspicu- 
ously elevated and flank a deepening media! depression, known as the UTethral 
groove (Fig 381, B) By the end of the third month the genital, or as thc> are 
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Fio 381 Stages m development of external genitals in male (Adapted 
from several sources, especially Spaulding, in Carnegie Cont to Emb , Vol 13, 
1921 ) A, At seven weeks (17-20 mm ) B, In tenth week (45-50 mm ) C, 
Early in twelfth week (58-68 mm ) D, Toward close of gestation 


now more likely to be called, the urethral folds begin to close over the urethral 
groove much as the neural groove was closed to form the neural tube In 
this manner the male urethra is lengthened by the addition of a penile portion 
This m effect, moves the urogemtal outlet from its original location at the 
root of the perns (Fig 381, A) to the distal end of penis (Fig 381, D) The 
line of closure of the urethral groo\e remams marked by a scarlike vestige 
knosvn as the penile {urethral) raphe on the under side, of the adult perns Along 
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the raphfe the pigmentation of the skm, for some unknown reason, tends to be 

Con!iimendy”twth the formation of the urethra, thc /,rr^a« “^he 

the glans penis The process is essentially the ingrowth about the tip of he 
penis of a potential fold of epithelium which separates off the preputial 
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Tio 382 Stages in development of external genitals in female (Adapted 
from a number of sources, especially Spaulding, m Carnegie Cont to Emb , 
Vol 13, 1921 ) A, At seven weeks (17-20 mm ) B, In tenth week (45-50 mm ) 
C, At 12 weeks (75-80 mm ) D, Toward close of gestation 


covering of the glans ^Vhen the epithelium first grows m it is in the form of a 
solid sheet of cells which later splits to form the inner epithelial lining of the 
prepuce and the outer epithelial covering of the glans with the preputial 
space between 

The genital swellings are at first rather elongated folds situated m the 
inguinal region on either side of the developing penis (Fig 381, B) In older 
stages these folds develop most markedly in their caudal portions which 
expand and merge with each other m the mid-line on the anal side of the 
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root of the pcnn The line of their fusion is the scrotal raphe which is continuous 
with the penile riphC, back through the perineal region The manner m which 
these scrotal swellings arc pouched out internally as bays of the peritoneal 
cavity has already been discussed m connection with the descent of the testes 
(figs 376-379) 

Female Genitalia In the female the genital tubercle becomes the 
cUtorts and tlic genital folds become the labia minora (Fig 382) Although in 
y'oung embryos tlicrc is for a time a urethral groove homologous with that 
m the male (cf Figs 381, R, 382, B), the parts of the genital (urethral) folds 
extending onto the under surface of the clitoris remain rudimentary and soon 
regress Fluis the urethral groove in the female is never deepened and closed 
over to form a urethra in the clrtons corresponding to the penile urethra of 
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Fic 383 Rcconsinicuon of urethral cpiihclnim of a male human embryo 
of 65 mm (11 i^ccks fcrtilinuon aec) (After Johnson, J Urology, Vol 4, 
1920 ) A, Side view B, Dorsal view of prostatic portion 


the male In the adult female there is midventrally m the clitoris only an 
inconspicuous strand of vascular connective tissue (pars intermedia clitondis) 
m a position comparable with that occupied by the penile urethra and the 
corpus cavernosum urethrae in the male In the female, therefore, there is no 
secondary projection forward of the urctliral orifice and just the prostatic 
portion of the male urethra is homologous with the entire urethra in the 
female 

It will be recalled that in the latter part of intra-ulerme life the vagina, 
which was at first a very slender tube opening into the urogenital sinus 
(Fig 364), becomes greatly enlarged as compared with the size of the urethra 
(Figs 365, 366) At the same time the portion of the urogenital smus distal 
to the vaginal orifice becomes very much broader and shallower, and it is this 
part of the old urogenital sinus which constitutes the so-called vestibule into 
which the urethra and the vagina of the adult open Thus, m the female, the 
old urogenital sinus outlet, under a new name, persists in practically its 
original relations 
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The laka majora are derived from the genual swellings and are homologous 
with the scrotum of the male In the female these folds become heavily in- 
filtrated with fat but they do not normally have any caviues mthin them 
comparable to the scrotal pouches In rare instances there are rudimentary 
hays of the peritoneum extending for variable distances into the labia Such 
anomalous homologues of the processus taginahs of the male have been 
called the ^'■canals of Nuck 

Accessory Sex Glands The so-called accessory sex glands are much more 
highlN developed m the male than m the female The principal ones are the 
seminal vesicles, the prostate gland, and the bulbo-urethral glands (Cooper s 




Epithelial UnielU 



Fig 384 Reconstrucuons of urethral and related epithelial structures in 
male embr>os of 130 mm A, Lateral \iew of a reconstruction by Johnson 
B, Dorsal view of prostatic portion of a similar model by Broman 


glands) Less conspicuous are the multiple small urethral glands (glands of 
Litlre) scatter< d along the length of the penile urethra 

The seminal vesicles arise early in the fourth month as lateral out-pouchmgs 
of the deferent (mesonephric) ducts a short distance above their entrance 
into the urethra (Fig 383) By the end of the fourth month sacculations of 
the primary outgrowths have begun to appear (Fig 384, A, B), and the 
vesicles thereafter rapidly increase in compJe«t) until about the seventh 
month, by which time both the vesicles and the ampullar portions of the 
deferent ducts have practically reached their characteristic configuration 
The prostale gland arises from multiple outgrowths of the urethral epi- 
thelium into the surrounding connective tissue These outgro^vths develop 
in more or less localized groups corresponding to the lobes of the adult gland 
The first tubules appear toward the end of the third month (Fig 383) 
Thereafter they rapidly increase in numbers, the careful studies of Lowsley 
(1912) indicating that upward of 50 separate outgrowths are usually formed 
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by tljc end of ihc fourtli month While the Jobitjon of the gland is suggested 
from the first by the grouping of the epithelial outgrowths, it is not strongly 
marked until the last trimester of development when the fibromuscular septa 
begin to become well developed 

The biitbo-uTelhral glands (Cowper's glands) arise as paired epithelial 
outgrowths from the proximal part of the penile urethra The initial buds 
appear during the third month and grow backward almost parallel to the 
uretlura (Fig 383, A) When the corpus cavernosum urethrae is formed, the 
ducts of Cowper’s glands become embedded m its bulbar portion The glands 
themselves develop adjacent to the membranous urethra m the loose con- 
nective tissue between the thick fibrous sheath of the urethral bulb and the 
urogenital diaphragm 

The seminal vesicles, the prostate, and Cowper’s glands form a natural 
group from the functional standpoint in that all of them produce secretions 
winch serve as a vehicle for the spcrmat07oa, and all of tlicm are forcefully 
evacuated at the time of ejaculation Although they develop at the same time 
and m a similar manner, the urethral glands {of Liltre) belong m a different 
category functionally They arc small, compound tubo-alvcolar glands which 
become activated during preliminary sexual excitement and produce a pre- 
coital, lubricating, mucous secretion TIicsc glands make their appearance 
about the eleventh week as multiple separate outgrowths of the urethral 
epithelium (Fig 383) In the fourth month terminal sacculalions appear 
(Fig 384) and by the final trimester of pregnancy the glmds are well difTcr- 
entiated and histochemically the cells show evidences of tlie production of 
mucin 

In the female, there is no portion of the urethra homologous with the 
penile urethra of the male, but the minor vestibular glands should probably be 
regarded as corresponding with the urethral glands of Littre m the male The 
seminal vesicles lack any homologucs in the female The curious cryptlike 
diverticula from the female urethra, sometimes called the urethral glands of 
Skene, are ill-developed homologues of the multiple prostatic glandular units 
of the male In contrast, the homologucs of the bulbo-urethral glands of the 
male are relatively more highly developed m the female They are known 
as the major vestibular glands {qI Bartholin) Their primordial buds arise during 
the latter part of the third month from the epithelium lining the urogemtal 
sinus They become sacculated during the fourth month, and like the other 
accessory sex glands show a characteristically differentiated morphology by 
the time of birth, although they do not get the major part of their growth 
until puberty approaches 

Abnormalities of External Genitals Like so many of the older terms in 
anatomy, the term hermaphrodite is drawn from classical mythology It com- 
bines the names Hermes and Aphrodite to signify an mdividual who is a 
combination of the two sexes Properly speaking, true hermaphroditism exists 
only when both testis and ovary are present m the same individual It is a 
condition that is normal in many of the m^^tebrates but occurs only as an 



Fig 385 A case of pseudohermaphroditism (From H H Young “Genital 
Abnormalities Hermaphroditism and Related Adrenal Diseases,” courtesy, 
Williams 8. Wilkins Co) A, Sagittal plan of pelvis B, Photograph of clitoris, 
pendent C, Photograph of clitoris raised to show its deeply grooved under 
surface 
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by the end of the fourtli month While the lobation of the gland is suggested 
from the first by the grouping of the cpithchnl outgrow tlis, jt is not strongly 
marked until the last trimester of development when the fibromuscular septa 
begin to become well developed 

The bulbo-urethral glands (Cowper’s glands) arise as paired epithelial 
outgrowths from the proximal part of the penile urethra The initial buds 
appear during tlic third month and grow backward almost parallel to the 
urethra (Fig 383, A) When the corpus cavernosum urethrae is formed, the 
ducts of Cowper’s glands become embedded m its bulbar portion The glands 
themselves develop adjacent to the membranous urethra m the loose con- 
nective tissue between the thick fibrous sheath of the urethral bulb and the 
urogenital diaphragm 

The seminal vesicles, the prostate, and Cowper’s glands form a natural 
group from the functional standpoint m that all of them produce secretions 
which serve as a vehicle for the spcrmato7oa, and all of them arc forcefully 
evacuated at the time of ejaculation Although they develop at the same time 
and in a similar manner, the urtlhral glands {of LtUrf) belong m a di/Terent 
category functionally They arc small, compound tubo-alvcolar glands which 
become activated during preliminary sexual excitement and produce a pre- 
coital, lubricating, mucous secretion Tlicse glands make their appearance 
about the eleventh week as multiple separate outgrowths of the urethral 
epithelium (Fig 383) In the fourth month terminal sacculations appear 
(Fig 384) and by the final trimester of pregnancy the glands arc well differ- 
entiated and histochcmically the cells show evidences of the production of 
mucin 

In the female, there is no portion of the urethra homologous with the 
penile urethra of the male, but the minor vestibidar glands should probably be 
regarded as corresponding with tlic urethral glands of Littre m the male The 
semmal vesicles lack any homologues in the female The curious cryptlike 
diverticula from the female urethra, sometimes called tlic urethral glands of 
Skene, are ill-developed homologues of the multiple prostatic glandular units 
of the male In contrast, the homologues of the bulbo-urethral glands of the 
male are relatively more highly developed in the female They are knov\Ti 
as the major vestibular glands (of Bartholin) Their primordial buds arise during 
the latter part of the third month from the epithelium lining the urogenital 
sinus They become sacculated during the fourth month, and like the other 
accessory sex glands show a charactensticaliy differentiated morphology by 
the time of birth, although they do not get the major part of their growth 
until puberty approaches 

Abnormalities of External Genitals Like so many of the older terms m 
anatomy, the term hermaphrodite is drawn from classical mythology It com- 
bines the names Hermes and Aphrodite to signify an individual who is a 
combination of the two sexes Properly ^peaking, true hermaphroditism exists 
only when both testis and ovary are present in the same individual It is a 
condition that is normal in many of the invertebrates but occurs only as an 
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disturbances the groove maj remain unclosed throughout the shaft of the 
penis (Fig 386, B) or even as far as the perineal region (Fig 386, C) 

A much rarer anomaly is eptspadtas^ in which the penis is cleft along its 
cephalic face between the two corpora cavernosa This is a very puzzling con- 
dition from the cmbryological standpoint for there is no stage of development 
when any such dorsal groove normally appears 

Occasionally, in either sex, there may be defective closure of the ventral 
body-wall in the mid-line from the umbilicus, through the pubic region, all 




Fio 387 A, Exstrophy of bladder in a newborn male infant coexisting with 
splitting of penis (Sketched from specimen 5370 m the Rokitansky Museum, 
Vienna ) B, Exstrophy of bladder in a young female coexisting with splitting 
of clitoris (Redrav\n from Schwalbe ) 

the way to the perineum When this occurs a condition called exstrophy oj the 
bladder is the usual sequel What apparently happens developmcntally is 
that the allantoic wall breaks through vcntrally when it is not reinforced b> 
a normally closing ventral body-wall This leaves the bladder lying open on 
the belly surface, and at the same time, because the defect extends back 
through the pubic region, it results m a div ision of the penis or clitoris (Fig 
387) The condition is commonly spoken of as doubling of the penis or clitoris 
This IS not a fortunate characterization for what really results is a halved 
organ which is molded around only one corpus cavernosum with the urethra 
and the corpus spongiosvim urethrae wanting 



606 


DIVELOPjfLNl or TIIL UBOGI NITAL SYSTLM 


exceedingly rare anomaly in the higher mammals Tiicrc arc a few auihcnlie 
eases m man of what has been called true hermaphroditism on the basis of 
the microscopical recognition of both testicular and ov anan tissue In most such 
cases, lioncver, bnc or the other gonad js ill-developed and m no case has 
true functional competency of both gonads been demonstrated The internal 
sex organs other than the gonads arc likely to be symmclncally developed on 
the nvo sides and to tend dcfimtcl) toward one sex or the other (Fig 385, A) 
There arc a few eases on record m which an ovary and a strongly developed 
Muhenan duct appear on one side, while a testis and strongly developed 
male ducts appear on the other This condition is a variant of hcrmaphrodit 



Fig 386 Sketchcsshowmgvaryingdcgrccsof hypospadias The extreme ease 
shown m C, combined with cryptorchidism, was sketched from specimen No 
352 biS| in the Dupuytren Museum, Pans 


ism, called bilateral gynandromorphtsm WTiatcvcr the variety of hermaphrodit- 
ism, the external genitals are likely to be intermediate in their appearance, 
ns are such secondary sexual characteristics as beard, brensts, voice, and pelvic 
configuration 

A condition designated as false hermaphroditism is encountered much more 
often than js true hermnphroditism In such eases the gonads are definitely 
of one sex or the other, although they may be very poorly developed The 
external genitals may be so ill differentiated that designation of the individual’s 
sex IS impossible without an examination of the internal organs by exploratory 
operation Not infrequently the external genitals are more stronglysuggestivc 
of the sex opposite to that exhibited by the internal organs (cf Fig 385, A, B) 

Probably the commonest developmental anomaly of the male external 
genitalia is hypospadias This is a condition in which the urethral groove has 
failed to close completely Most common and least serious is a failure of the 
closure to reach all the way to the tip of the glans (Fig 386, A) In more severe 
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Fig 388 Schematic plan of adult circulation showing vascular plexuses m which 
some of the more important chemical interchanges take place 


organs that carry on metabolism in the adult, development would be at an 
impasse 

An embryo must, nevertheless, solve the problem of existence during the 
protracted time m hich it is building up a set of organs similar to those of its 
parents In the absence of a dowry of stored food in the form of >olk, the 
mammalian embr>o draws upon the uterine circulation of the mother 
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Development of the Circulatory System 

THE PLAN OF THE EMBRYONIC CIRCULATION AND 
ITS SIGNIFICANCE 

The embryonic circulation is diflicult to understand only \\hen the mean- 
ing of Its arrangement is overlooked If one bears m mind certain fundamental 
coneeptions as to the significance of the circulatory system m organic econom- 
ics, and the basic morphological principle that any cmbr)o must go through 
certain ancestral phases of organization before it can am\c at its adult 
structure, the changes in the arrangement of \ oscular channels during the 
course of development form a coherent and logical stor>' 

In the embryo as m the adult, the mam vasculac channels lead to and from 
the centers of metabolic activity The circulating blood carries (1) food from 
the organs concerned with its absorption to parts of the body remote from the 
source of supplies, (2) oxygen to all the tissues of the bod> from organs that 
arc especially adapted to facilitate the taking of oxygen into the blood, and 
(3) waste materials from the places of thtir liberation to the organs through 
which they arc eliminated (Fig 388) One of the primary reasons the arrange- 
ment of the vessels m an embryonic mammal differs so much from that m the 
adult is the fact that the embryo lives under conditions totally unlike those 
which surround its parents Its centers of metabolic activity are, therefore, 
different, and, since the course of its mam blood vessels is determined by these 
centers, the vascular plan is different 

The organs which m the adult mammal carry out such functions as diges- 
tion and absorption, respiration, and excretion are extremely complex and 
highly differentiated structures They are for this reason slow to attain their 
definitive condition and are not ready to become functional until toward the 
close of the embryonic period Moreover, the conditions which surround 
certain of the developing organs during intra-uterme life absolutely prevent 
their becoming functional even were they sufficiently developed so to do Sup- 
pose the lungs, for example, were functionally competent at an early stage of 
development The fact that the embryo is reliving ancestral conditions m its 
private ammotic aquarium renders its lun^ as incapable of functioning as 
those of a man under water Likewise the developing digestive organs of the 
embryo are inaccessible to raw food materials Further examples are not 
necessary to make it obvious that, wctc the embryo dependent on the same 
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the fertilized ovum of one species ahva>s gives rise to an individual of that 
species and to no other The new individual will show detailed differences 
from Us parents, differences which are capitalized in the slow march of 
evolution, but m a single generation these differences are never radical We 
sa> that the offspring has inherited the structure of Us parents It does more 
It inherits the tendency to arrive at its adult condition by passing through the 
same sort of changes which Us ancestors underwent m the countless millions 
of years it took their present structure to evolve 

Applied to the development of the circulatory system of mammals this 
means that the earliest form in which it appears will not be a miniature of the 
adult circulation The simple tubular heart pumping blood out over aortic 
arches to be distributed over the body and returned to the posterior part of 
the heart by a bilaterally symmetrical venous system — in short, the vascular 
plan which we see in young mammalian embryos (Fig 74) — is essentially the 
plan of the circulation in fishes When wc realize this, we are not puz/lcd by 
either the appearance of a full complement of aortic arches or their subsequent 
disappearance to make way for a new respiratory circulation m the lungs 
\Vc see the march of progress from a logical beginning m ancestral conditions 
toward the consummation of fetal life with an organization like that of the 
parent 

In addition to the fundamental ground plan of the circulation of the 
mammalian embryo, recapitulations account for many transitory peculiari- 
ties The formation of a conspicuous, though empty, yolk-sac with a comple- 
ment of blood V esscls almost as well developed as the v itelhne v essels of animals 
well endowed vvith yolk is clearly a recapitulation of ancestral conditions 
So, also, IS the highly dev eloped system of venous channels in the mesonephros 
If the organ itself appears it brings with it us quota of vessels, no matter 
whether or not the organ is destined to degenerate later m development 

Whatever peculiarities may be impressed on the course of the circulation 
by the appearance of ancestral structures, or by the dev elopment of special 
fetal organs such as the yolk-sac and the placenta, the mam blood currents 
will at any time be found concentrated at the centers of activity Changes oi 
these mam currents as one center retrogresses and another becomes dominant 
must take place gradually Large vessels become smaller, what was formerly 
an irregular senes of small vessels becomes excavated to form a new mam 
channel, but the circulation of blood to all parts of the body never ceases 
Even slight curtailment of the normal blood supply to any region would stop 
Its growth, any marked local decrease m the circulation would result m local 
atrophy or malformation, complete interruption of any important circulatory 
channel, even for a short time, w oiild inev itably mean the death of the embryo 


FORMATION OF BLOOD CORPUSCLES 
(HEMOPOIESIS) 

In the preceding section the arrangement of the blood vessels in relation 
.o centers of functional activit, was discnssed We are now readTto tultr 
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Utilization of this source of supplies depends on the development of a special 
organ which serves through fetal life and is then discarded The embryo takes 
food not into its slowly developing gastro-mtcstmal tract but into its chorion, 
a membrane projected outside Us own body and applied to the uterine wall 
to form, together with it, the placenta Tlic nutritive materials there absorbed 
from the maternal blood must be transported to the growing embrjo bj us 
own blood stream 

The use of food materials to produce the energy expressed in growth 
depends on the presence of ox>gcn Tor growth there must be a means of 
securing oxygen and carrying it, as well as food, to all parts of the body Nor 
can continued growth go on unless the waste products liberated by the 
developing tissues arc eliminated T he blood of the embryo can not be relieved 
of Its carbon dioxide and acquire a fresh supply of oxygen m the primordial 
cell clusters that will later become its lungs It can not excrete ns nitrogenous 
waste products through undeveloped kidneys Its respiration and excretion, 
like Its absorption of food, are carried out in the rich plexus of small blood 
vessels m the chorion Here the fetal bloo<l is separated from the maternal by 
tissues so thin that it can readily give up its waste materials to, and receive 
food and oxygen from, the maternal blood stream just as the mother’s own 
tissues constantly carry on tins interchange with the circulating blood The 
placenta is thus the temporary alimentary system, lung, and kidney of the 
mammalian embryo The enormous chononic blood supply during fetal life, 
and the entire disappearance of this special arc of the circulation when the 
organism assumes adult methods of living, is a very striking example of the 
determination of v’ascular channels by the location of functional centers We 
must not, however, overlook the fact that there are many other centers of 
activity m the growing embryo less conspicuous but equally important for its 
continued existence Each developing organ m the embry onic body is a center 
of intense metabolic activity During fetal life it must be supplied by vascular 
channels adequate to care for its growth 

But that IS not all Up to the lime of birth each organ has been drawing on 
blood furnished with food and freed of waste materials by the activ ities of the 
maternal organism At birth all this must change Each organ essential to 
metabolism must be ready to assume its own active share in the process 
Their vessels must be adequate to take care not only of the needs of these 
organs themselves but also of the functions these organs must now take over 
m maintaining the metabolism of the oi^anism as a whole 

While the functional significance of the arrangement of the blood vessels 
IS of primary importance, especially m understanding the progressive changes 
in vascular plan, there is another factor which we can not overlook This factor 
IS conservative, having to do with the things we inherit from our forebears 
The goal of the embryonic period is the attainment of a bodily structure similar 
to that of the parents Because it is so familiar, we accept with complaisance 
the remarkable fact that this goal is attained with absolute regularity Acci- 
dents there may be, leading to defecuve development or malformation, but 
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1 per cent of the 'whites They nrc unmistikible m stiincd smcirs blc^u<ic of the 'linking Otso- 
phile granules in their cytoplasm (Fig 391) They do not change m numbers in response to 
specific conditions as do other t\pes of white cells, and their functional significance is not as 
yet understood 

Blood Platelets These arc small basophilic protoplasmic bodies onh 2 to 4 >i in 
diameter, usually present in blood films m small clusters They arc behtsed to liberate an 
enzyme concerned m bringing about the clotting of blood The current \icu as to their origin 
IS that they are fragments of the cytoplasm of certain giant cells (megakaryocytes) of the bone 
marro\% 


Formation of the First Embryonic Blood Corpuscles in the Yolk-sac 
It \viU be recalled that the first blood corpuscles to appear m the embryonic 
circulation arise m the blood islands of the yolk-sac These primordial blood 
islands are clusters of mesodermal cells ^^hlch, because they arc destined to 
give rise both to vascular endothelium and to blood mother cells, may 
appropriately be called hemangtoblasls (blood and blood-vessel formers) 
When such an island begins to difTcrcntiatc its outer cells become flattened 
to form endothelial cells of the type characteristically lining blood vessels, 
and Its more centrally located cells give rise to blood corpuscles and for this 
reason may be called blood-mothcr-cclls, or hemoc^toblasts (Fig 77, B) Some 
of the daughter cells of the hemocytoblasis soon lose their processes and be- 
come rounded to form blood corpuscles of a primitive type (Ijg 77, B, C, 
390, A) These first blood corpuscles are not like any of the types in adult 
circulating blood but they resemble somewhat the very young stages m tlie 
red-ccU-foriTung (crythroblast) senes seen m adult bone marrow (Compare 
the young embryonic corpuscles m Fig 390, A with the early cry throblasts 
m Fig 391 ) As a matter of fact the appearance of hemoglobin in the cyto- 
plasm of these primitive embryonic corpuscles which is made evident by tlicir 
stawung reactions with cosin places them definitely m the red cell (erythro- 
cyte) category These early oxygen-carrying corpuscles serve the embryo foi 
a time and then die out (Fig 389) The first of them are ready to enter the 
blood stream in the third week just as soon as it is set m motion by the develop- 
ing heart All of these first-formed corpuscles arc nucleated It is not until the 
sixth week that some of the red cells begin to extrude their nuclei before 
entering the blood stream Embryos of around 12 to 13 mm in crown-rump 
length will visually show about \ per cent of non-nuclcated cells During the 
next three weeks the number of non-nuclcated reds mcrcascs very rapidly, 
upward of 90 per cent of the cells in the circulating blood being non-nuclcated 
by the tenth week ^ 

Succession of Blood-forming Centers in the Developing Embryo As 
development progresses, islands of hemangioblastic tissue appear in the 
mesenchyme in many places in the body and difiercntiate in the same general 
manner as that described for the yolk-sac islands It was formerly contended 
that such islands within the embryonic body were formed only by direct 
spreading of the hemangioblastic tissue of the yolk-sac into the embryonic 
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attention to blood as the transporting medium that flows through these 
supply channels 

Componenu of Adult Dlood (Tim section » for those students %vho Invc liad no histology ) 
The blood of idult mammils is composed of a fluid vehicle, the /'/aimfl, mu Inch arc suspended 
formed elements of various types These formed elements arc either cells or protoplasmic bodies 
th-u were derived from cells I nr purposes of description they may be grouped as red corpuscles, 
white corpuscles, and blood phtclcts 

Rt D Bi ooD Com mcers 1 hiimn adult red blood corpuscles (erv throcy ics, erythroplastids) 
are disk shaped Jxxlicj of aurprnmgly comrint (iterage diameter 7 6 fi) When taken 
from noriml circulating blood they arc composed of c> topi ism only, the nucleus having been 
extruded just before the corpuscles are liiicmud from die blood forming centers imo the blood 
stream I bey arc the oxygen cirriers of the blood, tlicircytopl ism being saturated with a sub- 
stance Called bemoglobm which has the power of taking up oxygen from the surrounding 
medium and holding it in loose combiiialion iiniil it is yielded to tissues which are low m oxygen 
tension The reds arc the most numerous of the corpuscles Their normal count is from five to 
five and a quarter million per cubic milhinctcr of blood in adult males, and about half a 
imllion lovser in females 

White Blood CoRrusctaji White blood corpuscles as a group can be distinguished readily 
from the reds by the fact that ihcv have rciained their nuclei For difTcrcntiating the various 
tvpcs of white corpuscles from one another some of the special triple stains for blood arc 
advantageous One of the most widely used of these, Wright’s stain, is a combination of methy 
lenc blue and cosin The particular value of such a stain is that, m addition to staining 
acidophilc granules a bright red vvith the eosm and basoplulc granules with the methylene 
blue, it also picks out and stains with a striking lilac color certain sixallcd neutrophtle cyto- 
plasmic granules that arc characteristic of one of the ty pcs of w hue blood cells It is this stain 
that was used in preparing the material on which the colored drawings of Fig 391 were based, 
and the colors mentioned m the descriptions of blood cells in this section refer to material 
prepared with the same stain The white corpuscles arc usually divided into five types lympho- 
c) tes, monocytes, and three kinds of granulocytes named on the basis of cytoplasmic granules 
which are acidophile, neutrophilc, or basophile In making routine laboratory examinations 
of blood all the w hue cells arc first counted to give what is known as a /ofal ii/iiie eounl In a 
normal adult this usuilly runs around 7,000 to 9,000 per cu mm In addition to the total w hite 
count a differential nhtle eounl is regularly used In a difftrcntial count the relative abundance 
of the several types of white cells is expressed m terms of the per cent of the total white count 
which each constitutes 

Lymphocytes Lymphocytes can be readily recognized by reason of the rc/atucly large size 
of their nuclei They so nearly fill the celb that the cy toplasm looks like a narrow, pale blue 
halo around the dark, purplish blue nucleus (Fig 391) In young individuals lymphocytes will 
run as high as 35 to 40 per cent of the whites In adults their count is ordinarily nearer 20 to 
25 per cent Their activities arc not well undentood but the way they tend to increase m 
certain diseases of long duration suggests they may perhaps be concerned in the neutralization 
of toxic materials 

Monocytes Monocytes arc larger than the lymphocytes and tend to hav e more irregularly 
shaped nuclei and relatively more cytoplasm (Fig 391) TTiey are active phagocytes, particu- 
larly in any conditions involving the destruction of large numbers of red cells They constitute 
3 to 5 per cent of the white corpuscles 

Granulocytes The granulocytes arc so named because of the presence of conspicuous, stamable 
granules m their cytoplasm Most abundantarc the which constitute some 

60 to 70 per cent of all the white corpuscles These cells tend to have irregularly shaped 
(polymorphic) nuclei (Fig 391) They are actively phagocytic and their count will riseabruptly 
m the presence of infections, especially those due to bacteria of the types that cause pus formation 

Eostnophile granulocytes are about the same size as the neutrophiles but their larger cyto 
plasmic granules, brilliantly stained with eosm, make them readily recognizable (Fig 391) 
They normally constitute only 3 to 5 per cent of the white blood cells but in certain allergic 
conditions and m infecuon with roundworm parasites (e g , hookworm) they appear in greatlv 

^^^a^ophile granulocytes are the least abundant of the Wood cells, constituting only from 0 5 to 
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body Most workers today believe, on the basis of fairly convincing expen 
mental evidence, that hcmangioblastic tissue can arise also, m silu, directly 
from the mesenchyme This fact should by no means be taken to imply that 
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Fio 389 Chart showing derivation of various types of blood corpuscles in 
embryo and in adult 

such islands of hcmangioblastic tissue, once established, do not spread On 
the contrary, sprouting of endothelial cells and proliferation and migration 
of cells with the capacity of produemg other blood cells certainly plays a very 
im ortant part in the development of the blood vessels and blood-forming 
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pu-^Ies \«thoat dI^ectl^ adccdng the Axh* es. Co;i\xr^K- a Un.p^'jivc kiikt'- 
cauijes o^'erp'txiucaQ'i of KtroNxrvtcs- witho^’t cirecd\ aiiCCtl^p ire 
production, either cr\-thrQC^‘^e^ o'* other repes ^'■h te b’oed cep 
In ^^e\^ of the^ f-cts a rea<Jn?bk s^ndpo at at tre pro^^-rt tro e woulu ^eer 
to be tentam-e acceptance o'‘ the iror*oph\!ec c interp>et'‘t’ 0 '' o'" tre engir 
o*‘ Wood celL m the en b-\-o, \vnh full recogti’uon o* i^c qua^.-irdeperc eat 
state aiiamcd in the adult b\ the dificrent cell lines- wh ch ongin-aK arov: 
from the co’nmQn b’ood-n o Jier-<ell o’* heirocvtob’a>t Thb- \'*e\\'pQint 
graphicailv cKprossed m the di-»groni Fig 5$^’ 

Rcticulo-cndothelial Tissue. .\s the 1 1 > o^cgical ai^en:nn''Uon of tl e 
ti-'sues the growing boQ\ progressei. there aru>><. from i^e racberchv^’e. 
\'.hereN'er the foTn-’Uon o‘‘b’ood celh t> go ag on. a paurociilnr kird o'* ■'un’X>rt- 
inz tL^^ue kno'v-n n> reticul'>x conrecti\-e if^ue .\ pectil nnt\ o* tins- t.>sue ir 
such locations i> the "nN it i> dircctK conuruous \\ath the erdo'hdimt. o*'' 
b^ood \-esi-eU In foUo^\^ng under d e r ‘croscope. a b^ood x-ao-cub- channel 
in bone tnarrONN o’* a Is-tap^iatic chnnrtl m a Knnp'i node, the e.ido'hcl u ’i 
can be seen to becoti'c conanuous 'vith the ire>hivX3’’k o‘ reticular conrecU\-e 
tissue. such po nts the N'cssel lumen i> m connection with the irrogiiH’* 
spaces in the reticular iisnte. and blood celU n'o\ang through the \-essel ma\ 
lodge m these spaces., or ccU> neuK fonned from henicxn tob’asU- in die inter* 
suces of the mesh max enter die b’ood o- the Ixai'ph stream Becau'< o* dxr' 
intimate association ro general m axeas xxhere b’ood-cell tomiauo i ti. go'ngon 
these txro tissues m such locations are often dc^ gnated together n> reticti^o- 
endothehai tis-nie or reuculo-endodielmm This aj$sociation endoihehmn, 
rencular tissue and enmeshed blood-foTnmg cells is realK onlx a dight 
elaboration of the hexnangiob'asuc u-^sue o‘ the emb’-x'O The endothelium i"- 
htile changed from iii- primordial condition, the reticular connectix-e tissue is 
but a specialization of mes^nchxaiie. and die b^ood-fonning eleiiients hax-e 
merclx taken on more <5peciflc cbarocterisUcs. dian die orurmal hemoexto- 
blasts The conception that the rxiiculoendotheh*'! iisuie older enib'a-ON 
and adults i> merelx a more difFtrenixaicd phase o‘ die pruiio'dial hemangio- 
blastic tissue of the embrxx) undtr a nex> name is a irost helpful one to liax-e lu 
mmd m anx problem imoKamr blood lormauon O’* die beliaxaor o*^ blood* 
forming tissues under pathological condtuons 

-V pecuharilx of reiiculo-endoihelial tissue is dial inanx of ns cells hax e 
the poxxer of becomirg acux-el\ phagocxtic m response to die presence m du 
blood stream of foreign paniculate matter Since all the cells o' diis tx-pe in die 
bodx are called mto actixatx together — regardlevsofxxhedierdiex are reticulo- 
endothelial components of a Ixanph node, or ilie spleen, or die sinusoids of die 
hx er or the maze of xaiscular channels m die bone marrow’ — die term rrt a ^ * 
r-Jo'rdta' nsi'^i has come mto quite general use to cox^r all the reticulo* 
endothelial ussue m the bodx Pathologivts are naturallx most interested in 
the pliagocx uc prochx mes of dus tissue From die embnological standpoint die 
close similanu of reuculo-endodielial tissue and it* associaW heniocxaoblasii. 
to the hemangioblasiic; u*sue of the embno is of more importance 
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areas The wandering blood-mothcr-cclls involved m this process may be 
spoken of as colonizing hemocyloblasts, for they wander away from their place of 
origin, following along newly developed endothelial channels, and then 
settle down and raise families of blood corpuscles in a new location They 
thus become established m a great variety of places in the growing body Any 
area where tlicrc is a rich marc of small channels with slow blood flow seems 
suitable Such centers, for example, appear in the loose young mesenchymal 
tissue of the head or the body-wall, in connection with the rich vascular 
plexus of the mesonephroi, and conspicuously m association with the sinus- 
oidal circulation of the young liver (Fig 389) Each of these temporary foci 
of blood-cell formation has its period of active proliferation and then, as new 
centers arc developed elsewhere, gradually ceases to be important in hemo- 
poiesis As the earlier centers regress and new ones become active, the cor- 
puscles formed become of more highly dincrcntiatcd types, gradually be- 
ginning to suggest m their appearance the various types of corpuscles which 
are destined to be formed in the adult 

Polyphyletic vs Monophylctic Interpretation of Blood-cell Origin 
The appearance of progressively more widely differing types of corpuscles m 
the blood stream implies the differentiation of the parent cells from which the 
corpuscles have arisen The manner m which this differentiation occurs has 
long been a matter of controversy among hematologists One group sees in 
the appearance of a new type of corpuscle evidence that a new type of stem- 
cell has been differentiated directly from the parent mesenchyme This school 
(the polyphyletic school) vvould, tliercfore, recognize an independent cell 
lineage for each major type of corpuscle The opposing (monophylctic) view, 
which seems at present in the ascendency, is that the parent cells of all types 
of blood corpuscles arc merely differentiated dcsccndcnts of the original 
hemocytoblasts which arc thus the common stem-cell or blood-mother-cell 
of all types of corpuscles Many of the striking phenomena seen under ab- 
normal conditions seem best explained on such an interpretation as, for 
example, the production of red cells m the spleen of an adult following a 
severe hemorrhage The spleen is one of the temporary centers of red-cell 
formation m the embryo, but before the end of the fetal period erythropoiesis 
ceases and the spleen becomes active m producing lymphocytes The return 
to red-cell production when the blood has been depleted seems to imply the 
presence of hemocy toblasts which under these conditions of stress can still 
form erythroblasts 

At the same time it must be realized that the presence of hemocytoblasts 
which can be called into activity and form any type df cell needed, does not 
imply any lack of specificity in the parent cells of the several types of cor- 
puscles Once an erythroblast has been differentiated ^rom a hemocytoblast, 

It will produce only cells of the erythroblast senes Moreover, it is sufficiently 
differentiated physiologically from the cells that projjuce white blood cor- 
puscles so that It may be subject to a disease that dojs not affect them For 
instance, pernicious anemia interferes only with the Jiroduction of red cor- 
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pusclcs without directly afTcctmg the whites Conversely, a ly-mphatic Icukt - 
mia causes overproduction of K-raphocMcs without directly affecting the 
production of either erythrocytes or other types of white blood corpuscles 
In view of these facts a reasonable standpoint at the present time would seem 
to be tentative acceptance of the monophslctic interpretation of the origin 
of blood cells in the embryo, with full recognition of the quasi-mdcpendcnt 
state attained m the adult by the different cell lines which originally arose 
from the common blood-mothcr-ccll or hcmocytoblast This viewpoint is 
graphically expressed in the diagram of Fig 389 

Reticulo-endothehal Tissue As tlic histological differentiation of the 
tissues of the growing body progresses there arises from the mesenchyme, 
wherever the formation of blood cells is going on, a particular kind of support- 
ing tissue known as reticular connective tissue A peculiarity of this tissue m 
such locations is the was it is directly continuous with the endothelium of 
blood vessels In following under the microscope, a blood vascular channel 
m bone marrow, or a lymphatic channel in a lyinph node, the endothehum 
can be seen to become continuous with the meshwork of reticular connective 
tissue At such points, the \cssel lumen is in connection with the irregular 
spaces m the reticular tissue, and blood cells moving through the vessel may 
lodge m these spaces, or cells newly formed from hcmocy toblasts m the inter- 
stices of the mesh may enter the blood or the lymph stream Because of this 
intimate association so general m areas where blood-ccll formation is going on, 
these two tissues m such locations arc often designated together as reticulo- 
endothelial tissue or rcticulo-cndothelium This association of endothelium, 
reticular tissue, and enmeshed blood-forming cells is really onlv a slight 
elaboration of the hemangioblaslic tissue of the embrvo The endothehum is 
little changed from its primordial condition, the reticular connective tissue is 
but a specialization of mesenchyme, and the blood-forming elements have 
merely taken on more specific characteristics than the original hemoev to- 
blasts The conception that the reticulo-cndothelial tissue of older embrvos 
and adults is merely a more differentiated phase of the primordial hemangio- 
blastic tissue of the embryo under a new name is a most helpful one to have m 
mind in any problem mvolv mg blood formation or the behav lor of blood- 
forming tissues under pathological conditions 


A peculiarity of reticulo-endothehal tissue is that many of its cells have 
the power of becoming actively phagocytic m response to the presence in the 
blood stream of foreign pa-ticulatc matter Since all the cells of this type in the 
body are called into aciivily togethei^rcgardless of whether they are reticulo- 
endothelial components of a lymph node, or the spleen, or the sinusoids of the 
hver, or the maze of vascular channeh in the bone marrow— the term reiicu/o- 
endoihelial system has come into quite gtneral use to cover all the reticulo 
endothelial tissue m the body Pathologists are naturally most interested m 
the phagoev ttcproclivitiesof this tissue From the embr> ologtcal standpoint the 
close stmtlanty of ret.culo-endothcltal tissue and its associated hemoc^blasts 
4) the hemangioblaslic tissue of the embryo is of more importance 
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areas The wandering blood-mothcr*ccl!s involved m this process may be 
spoken of as colonizing hemocytoblasts, for they tvander away from their place of 
origin, following along newly developed endothelial channels, and then 
settle down and raise families of blood corpuscles in a new location They 
thus become established in a great variety of places m the growing body Any 
area where there \s a rich maze of small channels with slow blood flow seems 
suitable Such centers, for example, appear m the loose >oung mcsenthymal 
tissue of the head or the body-wall, in connection with the rich vascular 
plexus of the mesonephroi, and conspicuously m association with the sinus- 
oidal circulation of the young liver (Fig 389) Each of these temporary foci 
of blood-cell formation has its period of active proliferation and then, as new 
centers are developed elsewhere, gradually ceases to be important in hemo- 
poiesis As the earlier centers regress and new ones become active, the cor- 
puscles formed become of more highly dificrcntiatcd types, gradually be- 
ginning to suggest in their appearance the various types of corpuscles which 
are destined to be formed m the adult 

Polyphylehc vs Monophylctic Interpretation of Blood-cell Origin 
The appearance of progressively more widely diJTcnng ivpcs of corpuscles in 
the blood stream implies the diflcrcntiation of the parent cells from which the 
corpuscles have arisen The manner m which this difTerenliation occurs has 
long been a matter of controversy among hematologists One group sees in 
the appearance of a new type of corpuscle evidence that a new type of stem- 
cell has been differentiated directly from thc*parcnt mesenchyme This school 
(the polyphyletic school) would, therefore, recognize an independent cell 
lineage for each major type of corpuscle The opposing (monophyletic) \ lew, 
which seems at present in the ascendency, is that the parent cells of all types 
of blood corpuscles are merely dilTcrcntiatcd descendents of the original 
hcmocytoblasts which are thus the common stem-cell or blood-mother-cell 
of all types of corpuscles Many of the striking phenomena seen under ab- 
normal conditions seem best explained on such an interpretation as, for 
example, the production of red cells in the spleen of an adult following 
severe hemorrhage The spleen is one of the temporary centers of red cell 
formation in the embryo, but before the end of the fetal period erythropoiesis 
ceases and the spleen becomes active m producing lymphocytes The return 
to red-cell production when the blood has been depleted seems to imply the 
presence of hcmocytoblasts which under these conditions of stress can still 
form erythroblasts 

At the same time it must be realized that the presence of heraocy toblasts 
which can be called into activity and form any type df cell needed, does not 
imply any lack of specificity m the parent cells of the several types of cor- 
puscles Once an erythroblast has been differentiated ^from a hemocytoblast, 
it will produce only cells of the erythroblast senes Moreov er, it is sufficiently 
differentiated physiologically from the cells that prokuce white blood cor- 
puscles so that It may be subject to a disease that dois not affect them For 
instance pernicious anemia interferes only with the production of red cor- 
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called muloblasts because of their location m the bone marrotv The formative 
stages are much similar m the eosinophtle, basophilc, and neutrophile granu- 
locytes The granules in the young cells tend to be few in number and large 
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Fio 391 Stages ;n histogenesis of blood corpuscles, arranged m develop- 
mental sequences (Adapted from several sources, primarily Osgood’s “Atlas 
of Hematology ” All cells X 1000 ) 


and irregular m size They gradually become more abundant, taking on at 
the same time the size and staining reactions characteristic of the mature 
types (Fig 391) 

Lymphocytes In the first part of intra-utenne life the formation of lym- 
phocytes goes on at a low rate in all but the earliest of transitory hemopoietic 
centers As development progrtsses and the lymphoid organs such as the 
thymus, the spleen, the lymph nodes, and still later the tonsils are laid down, 
they become the chief centers of lymphocyte production The parent cell of 
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Definitive Centers of Blood-cell Formation What has been said covering 
the succession of blood-forming centers in the embryo, and the interpretation 
of reticulo-endothelial tissue as an extension and elaboration of the early 
hemangioblastic centers m embryonic mesoderm, should pave the way for an 
understanding of the definitive blood-forming centers As conditions within 
the growing body change, wc find that there is a gradual specialization of 
certain areas in the production of certain types of corpuscles 

Red Blood Corpuscles After having been formed first m the yolk-sac, 
then m many areas in connective tissue, and later m such parenchyTuatous 
organs as the liver, the mesonephros, and the spleen, the red cells are ulti- 
mately produced m bone marrow Here again the centers of greatest activity 
change location, m this instance with the growth of the difTerent components 
of the skeletal system In general the bones with large cancellous areas are 
most actively involved In older embryos and adults the ribs, the sternum, and 
the centra of the vertebrae are among tlie most active centers 

In the bone marrow the cells which difierentiate toward red cells (cells 
of the cry throblast senes) are found m clusters with all stages of differentiation 
mixed together If the cells of the erythroblast senes are arranged m develop- 
mental sequence (Fig 391) the changes m their size and staining reaction are 
quite striking The typical hemocytoblasis from which the erythroblasts, m 
common with other cell types, are derived, have a distinctly basophilic cyto- 
plasm One of the earliest indications that a descendent of this blood-mother- 
cell IS committed to becoming an erythroblast is the appearance m the cyto- 
plasm of pinkish areas This variegated staining reaction (mctachromatophilia) 
IS indicative of the beginning of the accumulation of hemoglobin in the cyto- 
plasm As the series is follow cd the cytoplasm becomes increasingly acidophilic 
and more uniform in color (i e , it becomes orthochromatic) Meanwhile with 
each cell division the new daughter cells become smaller and their nuclei be- 
come more compact As they approach maturity they are called normoblasts 
Finally, just before a cell is ready to be released into the blood stream, us 
nucleus is extruded For a time when it has just recently entered the blood 
stream a young red blood corpuscle can be stained supravitally with brilliant 
cresyl blue to show up a curious laccwork of basophilic material in its cyto- 
plasm A cell exhibiting this reaction is called a reltculocyle This is merely a 
designation tagging the red cell m question as a newcomer in the blood stream 
The reaction is retained only briefly, some 1 to 2 per cent of reds showing it 
ordinarily It is, nev ertheless, an exceedingly valuable means of determining 
the effectiveness of measures which have been instituted to improve the red- 
blood-cell production of a patient 

Granulocytes White blood cells resemblmg the immature granulocytes 
of an adult are formed along with red celk in some of the transitory hemopoi- 
etic centers such as the mesonephros and the liver In older embryos and adults 
the granulocy tes are formed in the bone marrow The cells in the senes of 
stages leading toward the fully differentiated granulocytes may most appro- 
priately be called granuloblasts Unfortunately, these same cells are very widely 
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called muloblasu because of their locat.or. m the bone marrow The lormat.ye 
stages are much similar in the eosinophilc, basophilc, and neutrophile granu- 
locytes The granules m the young cells tend to be few m number and large 
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and irregular m si7c The> gradually become more abundant, taking on at 
the same time the size and stammg reactions characteristic of the mature 
types (Fig 391) 

Lymphocytes In the first part of mtra-uterme life the formation of lym- 
phocytes goes on at a low rale in all but the earliest of transitory hemopoietic 
centers As development progresses and the lymphoid organs such as the 
thymus, the spleen, the lymph nodes, and still later the tonsils are laid down, 
they become the chief centers of lymphocyte production The parent cell of 
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the lymphocy te family at first differs very little from the hemocytoblast When 
a lymphoblast docs become clearly differentiated we can see that its cytoplasm 
IS reduced m amount as compared with a hemocytoblast and that the quality 
of Its staining reaction has changed from an opaque ^jurphsh blue to a clear 
pale blue which at times has almost a greenish tinge The lymphocytes that 
are finally released into the circulation show further changes m the same direc- 
tion One of the most characteristic things about them is the v cry narrow cyto- 
plasmic area surrounding the spheroidal darkly staining nucleus 

Monocytes The development of monocytes is one of the most contro- 
versial subjects m hematology A book of the type of this one is certainly not 
the place to present the detailed technical evidence that might be advanced 
for and against the various views All that seems expedient is to outline very 
briefly some of the views that are now widely accepted and to take them 
merely as a tentative working hypothesis w ith the frank recognition that they 
are quite likely to need revision as our knowledge increases 

One of the striking things about the hcmangioblastic tissue of the very 
young embryo, and the rcticulo-cndothchal tissue which is its modified deriva- 
tive m the more advanced stages of development, is its phagocytic proclivity 
The young endothelial cells, and the rcticulo-cndothchal cells which form the 
borders of blood and lymph channels, can become swollen and take on large 
quantities of particulate matter injected into the blood stream Such engorged 
cells are commonly spoken of as fixed macropfiages Under certain conditions 
these cells may round up, leave their littoral sue of origin, and float away in 
the blood stream as free macrophages From the blood stream these same cells 
may make their way through the endothelial lining of small vessels and wander 
out into the connective tissue In the connective-tissue spaces their appearance 
will vary tremendously according to how long they have remained out of the 
circulation and how much they become engorged by phagocytosis In this 
location most workers are now calling these cells tissue macrophages Because 
of their different functional conditions they have been described under several 
different names (eg, clasmatocyte, histiocyte, polyblast, resting wandering 
cell, ragiocrine cell) Fortunately, hisUocyU is the only one of this array of names 
that is still being at all widely used to designate the cell here called a tissue 
macrophage There seems little doubt that, in the embryo, cells w ith phago- 
cytic potentialities arise in the manner described and tliat such cells once 
freed from their littoral position may be carried by the blood stream and lodge 
as colonizing monoblasts in new locations such as the developing lymphoid 
organs Such a cell on the move in the circulation and not engorged by active 
phagocytosis would look like a young monocyte and would probably be 
so called in smear preparations made from blood drawn from peripheral 
vessels 

In addition to cells arising by this primitive method there is considerable 
evidence to mdicate that m the later part of development and m the adult, 
monocytes arise from cells (monoblasts) derive! directly from hemocytoblasts 

(Fig 391) It IS not unlikely that most of the cells we call monocytes m normal 
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adult circulating blood arc so derived and that liberation of littoral cells from 
the reticulo-endothehal system occurs m the adult onl) under conditions of 
stress These methods of origin arc by no means as different as the names 
employed to designate the cells might seem to indicate The cells of reticulo- 
endotheUum are after all but hcmangioblasts under a different name and there 
should seem nothing particularly strange m these totipotential cells producing 
phagocytic wandering cells by direct differentiation m the embryo and 
indirectly through cells \Ne are pleased to call hemocy toblasts and monoblasts 
in the adult or by cither method according to vary mg functional conditions 
Giant Cells or Bone Marrow There art tvso types of giant cells formed 
in bone marrow and less extensively m other hemopoietic centers One of 
these cells possesses many small nuclei and is known as a polj^kar_)ocye Neither 
the functional significance of polykaryocy tes nor their possible relation to other 
multinucleated cells such as the osteoclasts or the foreign-body giant cell is 
known The other type of giant cell has a single large, many -lobed nucleus and 
IS called a me^akar^ocyU The megakaryocyte is believed to originate by the 
growth and modification of cells of the hcmocy toblast stock Neither giant 
cell leaves the hemopoietic centers to enter the circulating blood 

Blood Platelets It is believed that the blood platelets arise m the cy to- 
plasm of the megakaryocytes Sprawling pscudopods of these giant cells m the 
bone marrow have been seen by Wright (1910) to push llirough the endo- 
thelium of small vessels W^here they project into the lumen these pseudopods 
contain basic staining particles about the size and appearance of the blood 
platelets seen in smear preparations Fragmentation of the cy toplasm of thcsi 
pseudopods is said to liberate the contained platelets into the blood stream 


ARTERIES 

Derivatives of the Aortic Arches In vertebrate embryos six pairs of 
aortic arches are formed connecting the ventral with the dorsal aorta The 
portions of the primitive paired aortac that bend around the anterior part 
of the pharynx constitute the first (le, the most cephalic) of these aortic 
arches In its course around the pharynx the first aortic arch is embedded in 
the tissues of the mandibular arch (Fig 392, A) The other aortic arches 
dev eiop later, in sequence, one aortic arch in each branchial (gill) arch caudal 

to the mandibular (Fig 392 , C-E) But in mammalian embrvos we never find 

the entire senes of aortic arches wtll developed at the same time The two 
most anterior arches degenerate as mam channels before the posterior arches 
have been established (Fig 392, D, E) It should be noted, however, that their 
disappearance is neither abrupt nor complete as the schematic dia^ams (Fig 
393) summarizing the changes m the aortic arches might lead one to believe 
They break down as mam channels, but leave behind a plexus of small vessels 
appropriated by the local tissues as their source of nutrition 

The early degeneration of the first two aortic arches, and the fact that the 
fifth arch never appears in mammalian embryos lycept transitorily as a ves- 
tigiaUessel appended to one of the neighboring arches, leaves only the ventral 
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apparent the manner in which the portions of the ventral aortic roots, which 
formerly acted as feeders to the first two arches, are retained as the external 
carotid arteries These vessels, m part through the small channels left by the 



subclavian a 
(right) 




9 — subclavian a 

(kr.) 

— thoracic 
interscgmental 
ariencs 


pulmonary 

artery 


I' subclavian i 
^“internal 
mammary 


Fig 393 Diagrams illustrating diangcs which occur in aortic arches of 
mammalian embryos (Adapted from several sources ) A, Ground plan of com- 
plete set ot aortic arches B, Early stage in modification of arches C, Adult 

derivatives of aortic arches v., ^uuu 

^breuations br ceph , brachio cephalic (innominate) artery , lin , lineual 
’ inaxillary artery, thy , thyroid arteries Fig 392 shows from 
fllustration ' aiS^ *ess schemitically, some of the changes summarized in this 

Sch ° ■" I'ft subclavian 

a ry ccurs m the later stages of development 

disintegration of the aortic arches with which they were onginalK associated 
“ Ler“ to sublquentiy" 

'”^^395 villi Comparison of Fig 392 I 

“Vitd b “thTetiSt^rf development the major temtoVL bt 
PF ernal carotid artery becomes evident Its thyroid, lingual 




624 


DEVLLOPMINl OI IHL CIRCULAIORY SVSILM 


palatine, and ma\iUary branches all supply structures developing in maxillo- 
mandibular and hyoid arch regions of the embryo with which the primitive 
external carotid artery is associated Secondary peripheral extension of the 
original external carotid territory is shown by the course of its occipital and 
temporal branches supplying muscles that have migrated into the cephalic 
region (Fig 191), bringing their blood supply along with them 

Internal Carotid Arteries The internal earotid arteries from their first 
appearance are closely associated with the developing brain 1 hey are first 
formed as short cephalic prolongations of the dorsal aortic roots extending 
toward the forebram (Fig 392, A-C) When the first and second aortic arches 
drop out, the dorsal aortic roots into which they originally discharged still 
persist, lengthening the channels which arc being molded into the internal 
carotid arteries as we know them in the adult When, a little later, that por- 
tion of the dorsal aortic root which lies between arch 3 and arch 4 d\v indies 
and drops out, the third arch is left constituting the curved proximal part of 
the internal carotid artery (Figs 392, D, E, 393, 395) The part of the ventral 
aortic root which, from the first, has fed the third aortic arch persists practi- 
cally without alteration as the common carotid artery 

Arch or the Aorta The fourth aortic arch has a different fate on oppo- 
site sides of the body On the left it persists as the arch of the adult aorta (Figs 
392, 393) On the right the fourth arch forms the proximal part of the sub- 
clavian artery With the enlargement of the left fourth aortic arch to form 
the mam channel leading from the heart to the dorsal aorta, the dorsal aortic 
root on the right side becomes much reduced (Fig 393) Caudal to the level 
of the subclavian it drops out entirely It will be recalled that the distal part 
of the sixth aortic arch also drops out on this side This leaves the right sub- 
clavian communicating vvith the dorsal aorta by way of a considerable section 
of the old dorsal aortic root and the fourth aortic arch In the adult, both the 
distal part of this v'csseJ formed hy the mtersegmentrd artery, and its proximal 
part appropriated from the old aortic arch system, pass under the name of 
subclavian The short section of the right ventral aortic root between the 
fourth and the sixth arch persists as the mnommate (brachiocephalic) 
artery from which both the right subclavian and the right common carotid 
artery arise 

Pulmonary Arteries The sixth aortic arch changes its original relation- 
ships somewhat more than the others At an early stage of development 
branches extend from its right and left limbs toward the lungs (Figs 392, D, 
E, 393) After these pulmonary vessels have been established,* the right side 
of the sixth aortic arch loses communication with the dorsal aortic root and 

* The detaib of the formation of the pulmonary arten« differ somewhat in different raammals 
In most of the forms winch have been carefully studied (maa, cat dog sheep cow, opossum) the 
pulmonary arteries maintain their original pau^ condition throughout their entire length In these 
forms part of the right sixth arch is retained as the proxunal portion of the adult right pulmonary 
arterv The pig is unusual in havmg its pulmonary branches fuse with each other proxunally, form 
me a median vessel ventral to the trachea Distal to this short median trunk the pulmonary vessels 
etain their original paired condition, each running to the lung on its own side of the body 
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disappear'? (Fig 393, B, C) On the left, ho\vcver, the sixth arch retains ils 
communication with the dorsal aortic root The portion of it between the 
point where the pulmonary trunk is given off and the dorsal aorta is called 
the ductus arteriosus (Figs 392, 393, 435) During the fetal period when the 
lungs are not inflated the ductus arteriosus shunts the excess blood from the 
pulmonary circulation directly mto tlic aorta The functional importance of 
this channel will be more fully appreciated when it is again considered in 
connection with the development of the heart and tlic changes which take 
place in the circulation at the time of birth 

Splitting or the Truncus Arteriosus While these changes have been 
taking place m the vascular channels which lead to the lungs, a fundamental 
alteration has occurred in the mam ventral aortic stem Originally a single 
channel leading away from the undivided ventricle of the primitive tubular 
heart, the ventral aorta now becomes divided lengthwise into two separate 
channels This division begins m the aortic root just where the sixth arches 
come off, and progresses thence toward the heart Meanwhile, as we shall see 
w hen we take up the development of the heart, tlie ventricle becomes divided 
into right and left chambers The final result of these two synchronous parti- 
tionings IS the establishment of a pulmoniry channel leading from the right 
ventricle to the lungs by way of the sixth aortic arches, and a separate ascend- 
ing aortic channel leading from the Icit ventricle to the dorsal aorta by way 
of the left fourth aortic arch 

Basilar and Vertebral Arteries There arise from the dorsal aortac a 
senes of small paired vessels extending dorsally on either side of the neural 
tube Because they come off at regular intervals into the loose mesenchymal 
tissue between somites, these vessels arc called the dorsal xntnstgmenlal arteries 
(Fig 396) In the cervical region the dorsal mtersegmentals of either side early 
become joined by a senes of anastomoses to form longitudinal channels parallel 
to the dorsal aortic roots (Figs 392, D, E, 393, B) These new paired longi- 
tudinal vessels, which become the vertebral arteries, grow cephalad and at 
the level of the developing medulla swing mesially and ventrally to join each 
other and form a median \ essel, ventral to the developing brain This median 
vessel, the basilar artery, continues to grow rostrad to the level of the infun- 
dibulum where it is met by recurrent branches of the internal carotid arteries 
which, even at this early stage, can be recognised as constituting the posterior 
communicating arteries of the arterial circle of Willis (Figs 392, F, 394) The 
anterior communicating artery which forms between the anterior cerebral 
arteries to complete the circle appears at a considerably later time 

While these changes ha\ e been occurring m the cephalic part of the sys- 
tem other related changes have been going on more caudally The arm buds 
have developed at the level of the sixth, seventh, and eighth intersegmental 
arteries and one of these vessels, usually the sev enth, extends into the upper 
extremity and, as the arm develops, becomes enlarged to form the subclavian 
artery (Fig 392, D, E) Gradually the intersegmental arteries which originally 
connected the dorsal aortic rpots with the vertebral arteries drop out cephalic 
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to the subclavian (Fig 392, F) This leaves the vertebral aperies arising from 
the subclavians as they are found in the adult (Figs 393, C, 395} 

Arteries of the Body-wall Caudal to the levels at which they are inv oh ed 
in the formation of the vertebral arteries, the dorsal mtersegmental arteries of 



the embryo are retained in the adult in an arrangement that is basically similar 
to the primitive pattern These vessels arise from the dorsal aorta while it is 
still in Its primitive paired condition (Fig 396, A) and retain their own paired 
arrangement after the two aortac have fused to form a single mam trunk (Fig 
396, B, C) Originally associated primarily with the neural tube, as surround- 



ULVUOFMINJ or IlIL CIRCUIAIORV SVSTrM 

ing body-wall structures grow they send out new somatic branches Gradual!) 
the brandies which extend around the bod) -wall liclwecn the ribs become the 
most conspicuous, and for that reason the entire mam vessel in the adult 
called the intercostal The early relations of these arteries to the neural tube 
are, however, sttU clcarl) indicated m the adult by their spinal branches (Fig 
396, D) 

Eventual) the distal ends of the somatic branches of the original inter- 
‘vcgmcntal arteries extend to thcvtntral bod) -wall ns the mttrcosialsat thoracic 








I'lG 396 Cross sectional plans of the bod> showing rchiions of segmental 
branches of aorta at different stages of development 

levels, and as the lumbar segmentals more caudally (Fig 397) Senes of 
anastomoses join them to form a longitudinal channel on either side of the 
mid-hne (Fig 396, D) At thoracic levels the new longitudinal vessel is known 
as the internal mammary artery, more caudally tt is continued as the inferior 
epigastric artery (Fig 397) 

The first two intercostal artenes usually form precostal anastomoses tvith 
each other and with the subclavian, close to their origin from the aorta With 
the disappearance of the proximal portions of the original intersegmentals the 
new anastomotic channel, known as the superior intercostal artery, feeds the 
first two mtercostals from the subclavian Other than this slight modification 
effected by changes closely similar to those involved in the formation of the 
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vertebral arter>, the basic embrjomc arrangement of the dorsal mtersrg- 
mentils persists m the adult 

Arteries to the Viscera In addition to the dorsal mtersegmental arteries 
there arise from the aorta hvo other series of paired arteries, one of which 
extends laterally and the other lentrally The lateral vessels, although they 
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Fig 397 Arteries of the body all in a human embr> oof seven \\eeks (Modified 
after Mall ) 

arise very irregularly as far as their relations to sonutes are concerned, are 
commonly spoken of as the lateral segmentals They are primarily associated 
w ith the internal urogenital organs In y oung embry os their terminal branches 
form the glomeruli of the mesonephric tubules (Fig 396, B) At the height of 
the development of the mesonephros there are likely to be upward of 20 pairs 
of these vessels arising from the aorta at thoracic and lumbar levels With the 
regression of the mesonephros practically ail of these original vessels disappear 
except the arteries which become associated with the gonads (See artery 
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entering gonad by way of mesonephros, Fig 396, C ) The manner m which 
the adult ovarian or internal spermatic arteries extend far caudad from an 
aortic origin near the renal level records the shift m position undergone by 




Flc 398 Development of cochac and superior and inferior mesenteric arteries 
(Adapted from a number of sources ) 


the gonads subsequent to the time they acquired their vascular supply Like 
the arteries to the gonads the large arteries to the permanent kidnejs (Fig 
396 D) and the smaller arteries to the adrenals should be regarded as belong- 
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mg to this lateral senes, although they do not become conspicuous until a 
later stage of de\elopment when most of tlic ongmal lateral branches to the 
mesonephros ha\e begun to disappear 

The V entral senes of \ cssels from the aorta is primarily associated w ith the 



>oIk-sac and gut tract As was the case with the lateral senes these ventral 
V essels are commonly referred to as ^,ral se^ntal arterus m sp.te of cons.de^ 
able rrregularuy m then manner of ongm Like the more regltlarly ananred 
dorsal mtersegmentals, the ventral segmental artenes anse^t a verearlv 
stage development when the aorta is stdl paired In young embr^s they 
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extend laterally over the dorsal wall of the primitive gut and thence periph- 
erally into the walls of the yolk-sac (Fig 396, A) They constitute the arterial 
part of the omphalomesenteric arc of the embryonic circulation Later, as the 
mtra-embryonic gut is delimited from yolk-sac and becomes supported by a 
mesentery, the right and left members of any particular pair of these ventral 
segmental vessels arc brought close to each other (Fig 396, B) Eventually the 
two members of the pair fuse to form a median vessel lying in the mesentery 
(Fig 396, C, D) I he three major arteries which arise ventrally from the adult 
aorta and supply the gut tract originate in this manner from the primitive 
ventral segmental branches They arc the celiac artery, the superior mesenteric 
artery, and the tnjerior mesenteric artery (Fig 399) In the early developmental 
stages of these vessels there is a striking shift caudad m the points at which 
they originate from the aorta This accompanies the progressiv cly more caudal 
position assumed by the viscera during this period TIic change in the points 
of origin of the enteric arteries from the aorta depends, especially during the 
early stages of the process, on the free anastomosis between the ventral seg- 
mentals at different levels (Fig 398, A, B) Tins permits the dropping out of 
the more cephalic roots and the utilization of the more caudal ones, without 
interruption of circulation, as the change m visceral position progresses Later 
m development after the celiac, superior, and inferior mesenteric arteries have 
been established as mam vessels, there appears to be some further shift caudad 
due to differential grow th about their point of origin from the aorta Toward 
the close of the second month of development all these vessels have attained 
approximately their adult level of origin (cf Figs 398, D, 399) 

Umbilical Arteries The umbilical arteries to the placenta should be 
regarded as belonging originally to the ventral segmental senes They arise 
at the caudal end of the aorta in association with the allantoic diverticulum 
of the hmdgut (Fig 74) Unlike the ccliac and mesenteric arteries they main 
tain their original paired condition (Fig 435) With thi rapid growth of the 
caudal end of the young embryo there is some tailwird shift in the position of 
origin of the umbilical arteries from the aorta This is accomplished m a man- 
ner similar to that described above for the celiac and mesenteric arteries, but 
the change m position is by no means as extensive as it is m the case of the 
arteries to the gut tract 

Arteries of the Extrenuties The origin of the proximal part of the sub- 
clavian artery has already been discussed m dealing with the changes in the 
aortic arches and with the origin of the vertebral arteries In the later stages 
of development an interesting change in the relation of the left subclavian 
occurs The ongmal point of origin of the seventh mtersegmental, which be- 
comes enlarged to form the subclavian, is well caudal to the lev el at which the 
ductus arteriosus joins the descending part of the arch of the aorta (Fig 392, 
D-F) But during development the heart moves caudad in the body from the 
site of Its origin, carrying with it the associated great v essels This change m 
cardiac position is recorded m the dovraward course of the cardiac nerves 
which first attained their relations to the heart when it lay opposite the body 
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extend laterally over the dors^l wall of the primitive gut and thence periph- 
erally into the walls of the yolk-sac (Hg 396, A) They constitute the arterial 
part of the omphalomesenteric arc of the embryonic circulation Later, as the 
intra-cmbryomc gut is delimited from yolk-sac and becomes supported by a 
mesentery, the right and left members of any particular pair of tliese ventral 
segmental vessels arc brought close to each other (Fig 396, B) Ev entually the 
two members of the pair fuse to form a median \cssel lying m the mesentery 
(Fig 396, C, D) The three major arteries which arise vcntrally from the adult 
aorta and supply the gut tract originate m this manner from the primituc 
ventral segmental branches They arc the celiac arler}, the superior mesenteric 
artery, and the inferior mesenteric artery (Fig 399) In the early developmental 
stages of these vessels there is a striking shift caudad in the points at which 
they originate from the aorta Tins accompanies the progressively more caudal 
position assumed by the viscera during tins period Tlie change in the points 
of origin of the enteric arteries from the aorta depends, especially during the 
early stages of the process, on the free anastomosis between the ventral seg- 
mentals at different levels (Fig 398, A, B) This permits the dropping out of 
the more cephalic roots and the utilization of the more ciudal ones, ^vlthollt 
interruption of circulation, as the change m visceral position progresses Later 
m development after the celiac, superior, and inferior mesenteric arteries have 
been established as mam vessels, there appears to be some further shift caudad 
due to differential grow th about their point of origin from the aorta Toward 
the close of the second month of development all these vessels have attained 
approximately their adult level of origin (cf Figs 398, D, 399) 

Umbilical Arteries The umbilical arteries to the placenta should be 
regarded as belonging originally to the ventral segmental series They arise 
at the caudal end of the aorta in association with the allantoic diverticulum 
of the hindgut (Fig 74) Unlike the celiac and mesenteric arteries they main 
tain their original paired condition (Fig 435) ^\^lth the rapid growth of the 
caudal end of the young embryo there is some tailward shift m the position of 
origin of the umbilical arteries from the aorta This is accomplished m a man- 
ner similar to that described above for the celiac and mesenteric arteries, but 
the change m position is by no means as extensiv e as it is m the case of the 
arteries to the gut tract 

Arteries of the Extremities The origin of the proximal part of the sub- 
clavian artery has already been discussed in dealing with the changes m the 
aortic arches and with the origin of the vertebral arteries In the later stages 
of development an interesting change m the relation of the left subclavian 
occurs The original point of origin of the seventh intersegmental, which be- 
comes enlarged to form the subclav lan, is well caudal to the lev el at which the 
ductus arteriosus joins the descending part of the arch of the aorta (Fig 392, 
D-F) But during development the heart moves caudad in the body from the 
site of Its origin, carrying with it the associated great vessels This change in 
cardiac position is recorded m the downward course of the cardiac nerves 
^ hich first attained their relations to the heart when it lay opposite the body 
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segments from which the vagus and cervical sympathetic fibers arose The 
left subclavian artery, however, appears to maintain a rclati\tly more direct 
course, by the gradual upward migration of its origin from the primary site 
well below the entrance of the ductus arteriosus (Figs 392, F, 393, C), to a 
definitive origin from the aortic arch above tlie ligamcntum artcriosum (See 
arrow in Fig 393, C) There still remains, however, a definite ascending 
course in the proximal part of the subclavian (Fig 402) which is a partial 
record of the caudal movement of the heart and aorta during their develop- 
ment In the light of this developmental history, considerable variability of 
the position m which the adult left subclavian artery arises from the aorta 
becomes readily understandable 

The manner in which the mam arterial branches m the appendages de- 
velop 15 schematically summarized in Fig 401 The primary artery' to the arm 
IS axial m position (Fig 400, C) Proximally it becomes the main subclavian- 
axillary-brachial trunk, below the elbow it persists m reduced form as the 
interosscus (Fig 401, E) The pnniordial plexus of vessels in the developing 
hand is fed first by the original axial artery A parallel branch — the median 
artery' — then for a time takes over the supply of this plexus with which the 
original axial connection is lost (Fig 401, C) A little later the ulnar, and then 
the radial, arteries dev elop as parallel branches of the primordial axial artery , 
and serve as the final vessels supplying the arm and connecting with the deep 
and superficial volar arches formed from the primary plcxais of small vessels m 
the developing hand The deep (profunda) branch of the brachial artery and 
the smaller branches to the shoulder and elbow develop at a relatively late 
stage as new offshoots of the primary axial vessel (Fig 401, D, E) 

The posterior appendage buds arise some lime after the. placental circu- 
lation has been established The umbilical arteries arc consequently of con- 
siderable size, and the small vessels which branch off from them to feed the 
appendage buds are by comparison quite insignificant (Fig 401, F) As was 
the case with the arm, the primary artery of the leg is axial in position It 
arises from the umbilical artery where that vessel passes close to the root of the 
developing limb bud It is called the ischiadic artery, or sometimes simply the 
“axis artery ” The ischiadic artery later disappears as a mam channel, a por- 
tion of the perqpeal and the inferior genu, a small descending branch of the 
inferior gluteal, and the longitudinal anastomotic vessels connecting the 
branches of the deep femoral artery being its only remains (Fig 401, H-K) 
The external iliac artery, which arises from the umbilical somewhat proximal 
to the ischiadic, soon becomes the main arterial route to the leg It is pro- 
longed distally under different names at different levels, being called suc- 
cessively femoral, popliteal, and posterior tibial Where, m its popliteal por- 
tion, It passes close to the ischiadic, an anastomosis is formed so the lower part 
of the ischiadic, reduced in relative size, becomes the peroneal (Fig 401, 

H-K) ^ , 

TTie anterior tibial artery is a new channel parallel to the posterior tibial 

and the peroneal It is formed by 
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mg small branches cvtending from the primary axial artery toward the an- 
terior surface of the leg (Fig 401, H, I) With the formation of a ne^^ anas- 
tomosis connecting the anterior tibial ^Mth the posterior tibial, the original 
branches from the regressing axial trunk disappear and the anterior tibial 
appears as a branch of the posterior (Fig 401, I, J) 

The primordial \ ascular plexus m the foot is originally fed by the pnmarx 
axial (ischiadic) arter\ (Fig 401, F) Early m desclopment this connection 
regresses as the foot plexus is taken o\cr b\ the posterior tibial extension of 
the external iliac-fcmoral trunk (Fig 401, G, H) Later the newly formed 
anterior tibial artery also makes connection with the developing vessels of the 
foot As the dorsal and plantar vessels of the foot take shape, the anterior tibnl 
comes to supply the dorsal arcuate artery and its branches while the posterior 
tibial supplies the plantar vessels 

\\Tien, at birth, the placental circulation stops, the umbilical arteries arc 
reduced to small vessels nourishing local tissues between their point of origin 
and the umbilicus \Vc then know their proximal portions as the internal iliac, 
or hypogastric, arteries and tlie fibrous cords which still mark their course 
along the wall of the bladder (the old allantoic stalk) as their “obliterated 
branches ” 

Thus the tables are turned between fetal and adult life In the fetus the 
external iliac artery to the leg appears as a branch of the dominating umbilical 
artery After birth the reduced umbilical arteries under ihcir new name of 
hypogastnes appear as branches of the now larger external iliacs The original 
umbilical root proximal to the origin of the external ihac is called the common 
iliac (Figs 435, 446) 


VEINS 


There is a natural grouping of the veins according to their relationships 
which it is convenient to follow m discussing their development Under the 
term systemic veins we can include all the vessels which collect the blood dis- 
tributed to various parts of tlie body in the routine of local metabolism In 
young embryos these would be the cardinal veins and their tributaries— that 
IS to say , the return channels of the primitiv c mtra-embry onic circulatory arc 
In older embryos and adults the systemic veins would include the superior 
caval system which is evolved from the anterior cardinals, and the inferior 
caval system which takes the place of the postcardinals and their tributaries 
^Ve can set apart from the general systemic circulation three special v enous 
arcs (1) The umbilical, returning the blood from the placenta, (2) the pul- 
monary , returning the blood from the lungs, and (3) the hepatic-portal carrv - 
mg blood from the intestinal tract to the liver The specialized nature of the 
placental and pulmonary circulations is obvious The peculiarities of the 
hepatic portal system call, perhaps, for a word of explanation Ordmarilv 
v ems^ collect b lood from local capillaries and pass it on directly to the heai t 


‘There is a tendency among those who ha>c done but little work nn tu 
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(Fig 403, A, B), eventually arc drained into the anterior cardinals (Fig 403 
G, D) 

In the anterior systemic channels the sliift of the venous /low to enter the 
heart on the right is accomplished very simply and directly A nc\\ vessel 
forms between the right and left anterior cardinals by confluence and anas- 
tomosis of the small thymico-thyroid veins Through this channel the left 
cardinal blood stream is shunted across to the right (Fig 403, D) With the 
establishment of this new channel, the part of the left anterior cardinal toward 
the heart drops out (Fig 403, E) and we have now but to apply the familiar 
adult names (Fig 403, F) The new connecting vessel is the lejt innommale, the 
old right anterior cardinal between the union of the subchvian wjth the 
jugulars and the new transverse connection is the right innominate, from the 
confluence of the innominatcs to the heart is the superior i ena caia The superior 
vena cava is thus composed of the most proximal part of the right anterior 
cardinal and the right common cardinal vein The place of entrance of the 
azygos vein (the reduced right posterior cardinal) indicates the old point of 
transition from anterior cardinal to common cardinal The CKlemal and the 
anterior jugular veins appear relatively lace m development by the gradual 
organization of small vessels which were tnbutancs of the anterior cardinals 
at cervical levels 

The cephalic portions of the anterior cardinals originally arise m intimate 
association with the developing brain and become modified to form the drain- 
age channels of the adult head The part of the anterior cardinal into which 
the tributary veins from tlie diflcrcnt regions of the embryonic brain converge 
IS called the vena capitis pnma (Fig 404, B) With the growth of the investing 
layers about the brain the venous plexuses draining into the vena capitis 
pnma become differentiated into vessels which dram the dura, in addition to 
the original deeper vessels associated with the brain In the later stages of 
development the mam tributaries are those which lie in the dura mater On 
this account, to designate the three main sets of tributaries discharging into 
the vena capitis pnma, the terms anterior, middle, and posterior dural plewsh.a\e 
been substituted by Streeter for the older terms anterior, middle, and pos- 
terior cerebral veins 

Toward the close of the second month of development a new connection 
arises between the middle and postenor dural plexuses (Fig 404, C) This, 
together with the stem of the postenor plexus, w ill become the sigmoid part of 
the sinus Iransiersiis A little later the anterior and middle dural plexuses coa- 
lesce to form the sagittal and tentorial plexuses (Fig 404, D) The part of the 
vena capitis pnma upon the medial side of the trigeminal ganglion can now 
properly be called the sinus caveniosus It receives the ophthalmic and middle 
cerebral veins (Fig 404, D) The remamder of the vena capitis pnma under- 
goes regressive changes and the blood irom the cavernous smus drains inter the 
transverse sinus through the sinus petrosus originally the lower part of 

the stem of the middle plexus (Fig 404, C, D) The drainage of all the venous 
channels m the dura mater is now eflccted through the smus transversus 
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them The inferior vena cava which replaces the cardinals is a composite 
vessel which gradualK takes shape by the enlargement and straightening of 
original!) small local channels which arc, as it were, pressed into service as 
the posterior cardinals degenerate 

The subcardmal letns initiate the diversion of the postcardmal blood stream 
The subcardmals are esublished as \ csscls ing along the v cntromesial borders 
of the mesonephroi parallel with, and ventral to, the postcardinals (Fig 403, 
A, B, G) Taking origin from an irregular plexus of small vessels emptv mg 
from the mesonephroi into the posterior cardinals, the subcardinals, from their 
first appearance, have many channels connecting them with the postcardinals 
(Fig 403, A) As the mesonephroi increase m size and bulge toward the mid- 
Ime, the subcardmals arc brought very close together In the nnd-mesonephTic 
region they establish communication with each other by several small v’csscls 
which soon become confluent to form a conspicuous inlersubcardinal anastomosis 
(Fig 403, B-D, H) As the anastomosis increases m size, it, together with the 
subcardmals where they arc thus joined forms a large medial venous space 
called the subcardmal sinus \Mien this sinus is established, the small vessels 
connecting sub- and postcardinais dram medially into it rather than laterally 
toward the posterior cardinals The result of this change vtrv soon becomes 
apparent m the disappearance of the posterior cardinals at the level of this 
sinus (Fig 403, C) The blood from the posterior part of the body is still col- 
lected by the distal ends of the postcardinais but it returns to the heart b\ wav 
of the subcardmal sinus Consequently, the anterior portions of the posterior 
cardinals although they do not disappear cntireK become much reduced in 
size (Fig 403, C, D) 

Meanwhile the increased volume of blood entering the subcardmal sinus 
IS finding a new and more direct route to the heart The cephalic pole of the 
right mesonephros lies close to the liver, and a fold of dorsal body-w all tissue 
just to the right of the pnmarv dorsal mesenterv, early makes a sort of bridge 
between these two organs This fold is known as the caval plica or caval fold 
of the mesentery (Fig 302) In it, as everywhere m the growing body, are 
numerous small vessels Connection of these small vessels with the plexus of 
channels m the liver cephalically, and the mesonephros caudally, provides the 
entering w i dge Once a current of blood finds its w ay from the mesonephros 
to the liver through these small vessels, enlargement of the channel proceeds 
with great rapidity 1 his new channel becomes the mesenteric part oj the injerior 
vena caia (indicated by small crosses in the diagrams of Fig 403) 

"Within the liver this new blood stream at first follows devious small chan- 
nels, c\ entuallv entering the sinus t enosus along with the omphalomewntenc 
circulation (Fig 403, B) As its volume of blood increases it excavates through 
the luer a mam channel which gradually becomes walled in As this neu 
\esKl becomes more and more dcfinitel, organized it gradually crowds to- 
ward the surface and cventuallv appears as a great t em 1> mg m a notch along 
the dorsal side of the liver This is the hpatlc part of the mfenor tena caia From 
me subcardmal sinus the most direct route to this new outlet is by way of the 
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The veins of the upper extremity at first nrc merely part of the general 
superficial venous plexus of the ncch. and thorax, ^vhlch is drained by the 
cardinal veins Upon the free border of the developing limb (Fig 400) a 
marginal vcm soon becomes apparent the prcaxial and postaxial limbs of 
which are known as the cephahe vcm and the basilic vein, respectively The 
drainage of the upper extremity and the chest is htcr taken over by the sub‘ 



davtan vein, a gradually enlarging channel which connects the basilic vein with 
the anterior cardinal The developmg subclavian vcm rcceiv es the largest vein 
of the embryonic chesty the thoracoepigastric, which persists in the adult as 
the lateral thoracic vein 

Inferior C aval System The changes in the systemic veins of the posterior 
part of the body are much more radical than they are anteriorly The pos- 
terior cardinal veins, which are the prmuttve systemic drainage channels, are 
associated primarily with the mesonephroi \^en the mesonephroi degen- 
erate it IS but natural that the postenor cardinals should degenerate with 
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Fig 406 Diagrams showing development of hepatic portal circulation from 
omphalomesenteric \ems, and changes b> which blood returning from placenta 
by way of umbilical veins is rerouted through liver A, Based on conditions in 
pig embryos of 3-4 mm — applicable to human embryos of fourth week B, 
Based on pig embryos of about 6 mm — applicable to human embryos of fifth 
week C, Based on pig embryos of 8-9 mm — applicable to human embryos 
early m sixth week D, Based on pig embryos of 20 mm and above — applicable 
to human embryos of seven weeks and older 
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right subcardinal vein Thus in embryos as young as six weeks (Fig 403, C) 
the formation of the inferior vena cava is well started with its prcrcnal portion 
consisting of subcardinal sinus, a portion of the right subcardmal vein, and the 
new channels through the mesentery and tlirough the liver 

Posterior to the level of the subcardinal sinus — which is at the future renal 
level — still another set of veins enters into the formation of the inferior vena 
cava These are the supracardmat mns which appear^ later than the sub- 
cardinals, as paired channels draining the dorsal body-wall (Fig 403, I) At 
mid-mesonephric level, the supracardinals make connection with the sub- 
cardinal sinus just as happened with the postcardinals earlier m development 
Cephalic to the sinus, parts of the supracardinals persist as the azygos group 
(Figs 407, 408) draining in a somewhat variable manner into the reduced 
proximal part of the right postcardmal Caudal to the anastomosis wih the 
subcardmal sinus, the supracardinals become the principal return route from 
the veins draining the pelvis and legs (Fig 403, D) With the formation of an 
anastomosis connecting the right and left iliacs, the blood returns increasingly 
by way of the right supracardmal which gradually becomes enlarged to form 
the postrenal portion of the tn/mor lena cava (Fig 403, D, E) The manner m 
which the adult vena cava caudal to the renal level swings to a more dorsal 
position with reference to the aorta clearly indicates us origin from the more 
dorsally located right supracardmal rather than from the more ventrally 
located right postcardmal as was formerly supposed The course of the adult 
left suprarenal and left gonadial vein (Fig 403, E, F) chronicles in an inter- 
esting manner their origin from parts of the old left subcardmal vein 

Coronary Sinus The ultimate fate of the left common cardinal vein 
(duct of Cuvier) is a result of the shift m the course of the systemic blood so 
that It all enters the right side of the heart Formerly returning a full half of the 
systemic blood stream to the heart, the left common cardinal vein is finally 
left almost without a tributary from the body Nevertheless, the proximal part 
of the old left cardinal channel is uulized Pulled around the heart in the 
course of the migration of the sinus venosus toward the right, the left duct of 
Cuvier lies in the atrioventricular sulcus close against the dorsal wall of the 
heart for a considerable distance (Fig 417, G-E) As the heart muscle grows 
in bulk it demands a greater blood supply for its metabolism The small re- 
turning veins of this circulation find their way into this conv eniently located 
mam vessel (Fig 417, E, F) Thus, even when its peripheral circulation is cut 
off, the proximal part of the left duct of Cuvier still persists as the coronary 
smus into which the veins of the cardiac wall dram 

Pulmonary Veins Phylogenetically, the lungs are relatively new struc- 
tures It IS not surprising, therefore, that we find the pulmonary veins arising 
independently and not by the conversion of old vascular channels They origi- 
nate as vessels which dram the various branches of the lung buds and con- 
verge mto a common trunk entering the left atrium dorsally (Fig 417, D) 

In the growth of the heart this trunk vessel is gradually absorbed into the 
ainal wall until usually four of its original branches come to open directly into 
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Fig 406 Diagrams showing devtlopment of hepatic portal circulation from 
omphalomesenteric \eins, and changes by which blood returning from placenta 
by way of umbilical veins is rerouted through liver A, Based on conditions in 
pig embryos of 3-4 mm — applicable to human embryos of fourth v\ eek B, 
Based on pig embryos of about 6 mm — applicable to human embryos of fifth 
week C, Based on pig imbryos of 8-9 mm — ^applicable to human embryos 
early in sixth week D, Based on pig embryos of 20 mm and above — applicable 
to human embryos of seven weeks and older 
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the left atrium as the mam pulmonary veins of the adult (Fig 417, E, F) Less 
than the usual amount of resorption of the primitive common pulmonary vein 
not infrequently results in the pulmonary veins from the right and left lungs 
entering the left atrium as single instead of the usual paired vessels 

Portal Vein The primitive blood supply to the gastro-mtcstmal tract is 
from the senes of ventral segmental arteries which ramify in the walls of the 
primitive gut and yolk-sac and ultimately become modified into the celiac, 
and the superior and inferior mesenteric arteries (Fig 398) The venous re- 
turn of this primitive gut circulation is originally by the way of the vitelline 
veins of the yolk-sac which become confluent as the main paired omphalo- 
mesenteric veins and enter the sinus venosus posteriorly (Figs 392, A-G, 406, 

A) As they approach the heart these veins skirt the margins of the anterior 
intestinal portal and thus lie adjacent to the developing liver The growing 
cords of hepatic tissue break up the pro\imal portion of the omphalomesenteric 
veins into a maze of small channels ramifying through the substance of the 
liver (Fi^ 392, D, 406, B), but the stubs of the omphalomcsentencs persist 
and dram this plexus Distal to the liver, the original veins arc for a time 
retained, bringing blood from the yolk-sac and intestines to the liver With 
the disappearance of the y olk-sac and the grow th of the intestines, the omphalic 
(yolk-sac) portions of these veins necessarily disappear, but the mesenteric 
branches persist and become more extensive, concomitantly with the increased 
length and complexity of the mtesiinal tract (Fig 407) 

The ongmal omphalomesenteric trunks into which these tributaries con- 
verge become the unpaired portal vein by forming transverse anastomoses and 
then abandoning one of the original channels The curious spiral course of the 
portal vein is due to the dropping out of the original left channel anterior to 
the middle anastomosis and the original right channel oostenor to the anas- 
tomosis (Fig 406, D) 

Umbilical Veins When they are first established, the umbilical (allan- 
toic) veins are embedded m the lateral body-walls throughout their course 
from the belly-stalk to the sinus venosus (Fig 74) As the liver grows m bulk, 
It fuses with the lateral body-wall Where this fusion occurs, vessels develop 
connecting the umbilical veins with the plexus of vessels m the liver (Fig 406, 

B) Once these connections are established, the umbilical stream tends more 
and more to pass by way of them to the Lver and the old channels to the sinus 
venosus gradually degenerate (Fig 406, G) 

Meanwhile the umbilical veins distal to theu: entrance into the body be- 
come fused with each other so that there comes to be but a single vein in the 
umbilical cord (Fig 406, G) Following this fusion in the cord, the intra- 
embryonic part of the umbilical channel also loses its original paired condi- 
tion The right umbilical vein is abandoned as a route to the liver and all the 
placental blood is returned by way of the left umbilical vem It is mterestmg 
to note that in spite of its ceasing to be a through channel, part of the right 
umbilical vein persists drainmg the body-wall The small blood stream it then 
carries is reversed m direction, flowing back mto the left umbilical vem (Fig 

406, D) 
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Tig 407 Portal vein and its major tnbutanes as seen in a ventral dissection of 
an adult (From Moms “Human Anatomy,” after Kelley ) 
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the left atrium as the main pulmonary veins of the adult (Fjg 417, E,F) Less 
than the usual amount of resorption of the primitive common pulmonary vein 
not infrequently results m the pulmonary veins from the right and left lungs 
entering the left atrium as single instead of the usual paired vessels 

Portal Vein Tlie primitive blood supply to the gastro-intcstinal tract is 
from the senes of ventral segmental arteries which ramify m the walls of the 
primitive gut and yolk-sic and ultimately become modified into the celiac, 
and the superior and inferior mesenteric arteries (Fig 398) The venous re- 
turn of this primitive gut circulation is originally by the way of the vitelline 
veins of the yolk-sac which become confluent as the mam paired omphalo- 
mesenteric veins and enter the sinus venosus posteriorly (Figs 392, A-C, 406, 

A) As they approach the heart these veins skirt the margins of the anterior 
intestinal portal and thus he adjacent to the developing liver The growing 
cords of hepatic tissue break up the proximal portion of the omphalomesenteric 
veins into a maze of small channels ramifying through the substance of the 
liver (Figs 392, D, 406, B), but the stubs of the omphalomcsenterics persist 
and dram this plexus Distal to the hver, the original veins are for a lime 
retained, bringing blood from the yolk-sac and intestines to the hver With 
the disappearance of the yolk-sac and the gro'vth of the intestines, the omphalic 
(yolk-sac) portions of these veins necessarily disappear, but the mesenteric 
branches persist and become more extensive, concomitantly w ith the increased 
length and complexity of the intestinal tract (Fig 407) 

The original omphalomesenteric trunks into which these tributaries con- 
verge become the unpaired portal vein by forming transverse anastomoses and 
then abandoning one of the original channels The curious spiral course of the 
portal vein is due to the dropping out of the original left channel anterior to 
the middle anastomosis and the original right channel posterior to the anas- 
tomosis (Fig 406, D) 

Umbilical Veins When they arc first established, the umbilical (allan- 
toic) veins are embedded m the lateral body -walls throughout their course 
from the belly-stalk to the sinus venosus (Fig 74) As the hver grows in bulk, 
It fuses with the lateral body-wall Where this fusion occurs, vessels develop 
connecting the umbilical veins with the plexus of vessels m the liver (Fig 406, 

B) Once these connections are established, the umbilical stream tends more 
and more to pass by way of them to the hver and the old channels to the smus 
venosus gradually degenerate (Fig 406, C) 

Meanwhile the umbilical veins distal to their entrance into the body be- 
come fused with each other so that there comes to be but a single vein m the 
umbilical cord (Fig 406, C) Following this fusion m the cord, the mtra- 
embryonic part of the umbilical channel also loses its original paired condi- 
tion The right umbilical vein is abandoned as a route to the liver and all the 
placental blood is returned by way of the left umbilical vem It is interesting 
to note that in spite of its ceasing to be a through channel, part of the right 
umbilical vein persists draining the body-wall The small blood stream it then 
carries is reversed m direction, flowmg back mto the left umbilical vein (Fig 
406, D) 
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When first di\ cried into the li\cr, the umbilical blood stream passes 
through by m ay' of a meshw ork of small anastomosing sinusoids As its volume 
increases it e\ca% ates a mam channel through the substance of the li\ er w hich 
is known as the ductus iciwsus (Fig 406, B-D) Leasing the liver the ductus 
venosus is joined bv the hepatic veins (omphalomesenteric stubs) which dram 
the maze of sinusoids m the liver \t this point, also, the vena cava becomes 
confluent with the hepatic veins and the ductus venosus Ihus the blood 
streams from the posterior svstcmic circulation, from the portal circulation, 
and from the placental circulation all enter the heart together Embrvologi- 
cally, this great trunk vessel represents the fused proximal parts of the old 
omphalomesenteric veins enlarged by the placental blood from the ductus 
venosus and by the systemic blood from the vena cava (Figs 406, 446) In the 
adult (Fig 408) it is regarded as a part of the vena cava because, with the 
cessation of the placental circulation at the time of birth the caval blood 
stream is the dominant one 

DEVELOPMENT OF LYMPHATIC SYSTEM 

Primordial Lymph Sacs 1 he first indication m the embryo of the estab- 
lishment of the Ivmphatic svstem becomes evident m the sixth week of devel- 
opment In embryos of about 10 mm , paired (right and \eU) jugular lymph sacs 
can usually be recognized 1 hese sacs arc formed from ‘^mall endotheliallv 
lined channels which are ongmallv part of the primitive vascular plexus at 
cervical levels of the developing anterior cardinal veins (Fig 409) Some of 
these small channels lose their connection with the mam vein and become 
temporarily blind sacs King adjacent to the veins (Fig 409, B) During this 
period they are hkeh to contain trapped blood corpuscles which are again 
released into the circulation when these primitive lymphatic sacs become re- 
connected with the venous svstem Although the period of re-cstabhshmg 
connection with the venous system shows considerable variability, the jugular 
lymph sacs usually reopen into the anterior cardinal veins toward the end of 
the sixth or earlv in the seventh week (embryos of from 12 to 14 mm ) 

During the seventh \^eek there is considerable extension of the jugular 
lymph sacs by dilation of the original sacs themselves, and also by their coa- 
lescence with adjacent endothelial pockets A little later other similar lym- 
phatic sacs appear in the axillary and inguinal regions, along the dorsal 
body-wall in association with the azygos veins md the developing inferior 
v ena cav a, and at the roots of the mesenteries 1 he most conspicuous of these 
sacs can be named conv eniently on the basis of their future relations That in 
the axillary region is known as the suhclattan lymph sac The chain of small sacs 
along the dorsal body -wall constitutes the primordium of the mam longi- 
tudinal lymphatic drainage channel of the body known as the thoracic duct 

(Figs 410,411) Retroperitoneally, in the lumbar region, a large median sac 

IS the forerunner of the cisterna chyh (Figs 411, 413) Developing m intimate 
association with the cistema chyli, but ventral to it, is the retroperitoneal lymph 
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Fio 408 General plan of systemic veins of adult (From Moms “Human 
Anatom),” after Tandler ) 
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channels Mhich form free anastomoses with the retroperitoneal vessels in the 
region of the kidney s and the internal genitals 

Establishing of the Major Lymphatic Channels By the ninth week the 
pattern of the mam lyTnphatic channels has taken quite definite shape The 
thoracic duct is now a continuous channel which, at its cephalic end, opens 



Tig 410 Lymphatic system of 15*mm cat embryo (Modified after F T 
Lewis, Am J Anat , Vol 5, 1906 ) This animal material supplies a valuable 
F 1 409, a human embryo of the SLxth week and 

■rig 411, a human embrvo at beginning of the ninth week ’ 


freely into the jugular lymphatic sac on the left, giving clear indication of the 
>a> the left jugular lymphatic trunk and the thoracic duct are destined to ooen 

uml "T ?? the angle of confluence of the 

into th ™*=davian veins The right jugular lymphatic trunl ordinarily opens 
lyinnhat,e"?t‘ “ corresponding position WW these mam 

ymphatic channels open into the venous system there are ivell-dev eloped 


DEVELOPMENT OF THE CIRCULAIORV SYSTTM 


sac As extensions from this sac, lymphatic spouts grow into the mesenteries 
(See the mesenteric lymph sac in Fig 410 ) When these channels have 
developed they provide the lymphatic drainage of the gastro-intestinal tract 
except for the rectal region Also arising in association with this retroperitoneal 
sac IS a plexus of vessels draining the renal and genital areas 
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Fio 409 Diagram showing relations of jugular lymph sac to venous system 
in 10 5-mm human embryo (Redrawn after Sabin, m Keibel and Mall “Man- 
ual of Human Embryology,” courtesy, J B Lippmcott Co ) 

Insert, B, showingjugular sac m section is from an 11-mm human embryo 
Key 1, anterior cardinal vcm (internal jugular vein), 2, lateral thoracic vein, 
3, primitive brachial vem, 4, cephcdic vein, 5, coelom 


Arising as a caudal continuation of the cisterna chyli, at a level more 
dorsal than the retroperitoneal sac, are the paired iltac sacs These primordial 
sacs show iliolumbar dilations at the renal level and ilio-inguinal expansions 
at about the level of the bifurcation of the aorta (Fig 413) The plexus of 
lymphatic channels arising in the dorsal body- wall betw een the kidneys comes 
to constitute the retrorenal drainage system of the adult The ilio-mguinal 
sacs are extended along the coui^e of the iliac vessels to the appendages 
There are also important medial extensions from the ilio-mguinal sacs which 
come to dram the rectum and perineum (Fig 413) In addition there are 
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Growth of Peripheral Lymphatics The eMcnsion of tin, small channels 
from the primary sacs and channels takes place bj the grow th of endothelial 
sprouts which are at first solid and then, as thc> extend, become hollow to 
form Ivmphatic \essels The nature of the processes imoUed m this growth 
has been very carefull) studied b> E R and E L Clark in In mg amphibian 
lar% ae, and their diagrams of this growth process, made from the same In ing 
specimen at intervals, gne us a clear picture of the way this process un- 
doubtedly goes on in human embryos (Fig 414) At the same time the smallei 
channels arc being expanded peripherally, the lymphatic sacs are being 



Fio 412 Fronni section of human embryo of 30-mm (beginning of ninth 
week) showing entrance of left jugular lymph sac into internal jugular vein (Re* 
drawn after Sabin, in Keibel and Mall “Manual of Human Embryology,” 
courtesy, J B Lippmcott Co ) 


molded into more restricted channels by' the ingrow th of strands of con- 
nective tissue which break up the originally capacious lumina into mam 
channels following along certain lines, and a senes of small and delicate 
tributary channels continuous with the peripherally growing sprouts 

Formation of Lymph Nodes When the lymphatic vascular channels 
have been fairly well sketched out, lymph nodes begin to make their appear- 
ance in the system The earliest of these nodes to take shape arise in connec- 
tion with the jugular and ilio-inguinaJ lymph sacs in regions where they are 
being broken up by connective-tissue ingrowths Certain of these areas of 
connective tissue are colonized by lymphoblasts, and lymphocy tes are formed 
m large numbers in the loose meshes of the young connective tissue Such 
aggregations of lymphocytes inserted on the course of a lymphatic channel 
break it up into a meshwork of tortuous, smaller channel mterlacmg through 
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Fio 413 Dorsal View of injected 78'mm pig cmbr>o to shou cistcma ch>li 
and developing ilio-mguinal lymphatic plexuses (After Reichert, Carnegie 
Cont to Emb , Vol 13, 1921 ) 
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vi „15 May 16 Mv May 18 May 19 

ii^toZu iijOp *1. UA.*f. 13.30PU. iiaIm. Upm- 
FlG 414 Diagrams sho%ving successive stages in growth of a lymphatic 

vpsspI as studied m tail of a livmg tadpole (From Bremcr-Weatherford A 
SbooVof astology,” after Oark) A-;, bv, blood vessel, o , nucleus of 
endothehal cell of lymphatic vessel 




